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HB7 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm, 1 kg
Base plate: beech - Working rpm: 2000 rpm/min. (the 
engine has a aluminium good cooling Cylinder)
Bearing application: 10 high-class ball-bearings
Material: screw, side parts all stainless steel
Cylinder brass, Rest aluminium and stainless steel.
Available as a kit £80.75 or built £84.99

www.mamodspares.co.uk

HB9 Stirling engine
Base measurements: 156 mm x 108 mm x 130 mm, 0,6
Kg Base plate: beech Working rpm: approx. 2,000 min
Bearing application: 6 high-class ball-bearings
Material of the engine: brass, aluminium, stainless steel 
running time: 30-45 min.
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk

HB10 Stirling Engine
Base measurements: 156 mm x 108 mm x 130 mm, 0,6
Kg Base plate: beech Working rpm: approx. 2,000 rpm
Bearing application: 6 high-class ball-bearings
Material of the engine: brass, aluminium, stainless steel 
running time: 30-45 min
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk

HB11 Stirling Engine
Base measurements: 156 mm x 108 mm x 130 mm, 0,7 
Kg Base plate: beech
Working rpm: 2000 - 2500 rpm/min,run Bearing applica
tion: 4 high-class ball-bearings Material: screw, side parts 
total stainless steel Cylinder brass Rest aluminium, stain
less steel.
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk

HB12 Stirling Engine
Base measurements: 156 mm x 108 mm x 130 mm, 1 Kg
Base plate: beech Working rpm: 2000 - 2500 
rpm/min,Bearing application: 6 high-class ball-bearings
Material: screw, side parts total stainless steel
Cylinder brass Rest aluminium, stainless steel.
Available as a kit £136 or built £140.25

www.mamodspares.co.uk

HB13 Stirling Engine
Base measurements: 156 mm x 108 mm x 150 mm, 0,75 
kg Base plate: beech Working rpm: 2000 - 2500 rpm/min, 
Bearing application: 6 high-class ball-bearings Material: 
screw, side parts total stainless steel Cylinder brass 
Available as a kit £97.75 or built £101.99

STEAM ENGINE KIT

Everything in the kit enables you to build a fully functional 
model steam engine. The main material is brass and the 
finished machine demonstrates the principle of oscillation. 
The boiler, uses solid fuel tablets, and is quite safe. All 
critical parts (boiler, end caps, safety vent etc.) are ready 
finished to ensure success. The very detailed instruction 
booklet (25 pages) makes completion of this project pos
sible in a step by step manner. Among the techniques 
experienced are silver soldering, folding, drilling, fitting 
and testing. £29.70 ref STEAMKIT Silver solder/flux pack 
£3.50 ref SSK

www.mamodspares.co.uk

HB14 Stirling Engine
Base measurements: 156 mm x 108 mm x 150 mm, 1 kg 
Base plate: beech Working rpm: 2000 - 2500 rpm/min, . 
Incl. drive-pulley for external drives Bearing application: 
10 high-class ball-bearings Material: screw, side parts total 
stainless steelCylinder brass Rest aluminium, stainless 
steel Available as a kit £140.25 or built £144.50

www.mamodspares.co.uk

HB15 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm, 0,75 
kg Base plate: beech Working rpm: 2000 rpm/min. (the 
engine has a aluminium good cooling Cylinder)
Bearing application: 6 high-class ball-bearings
Material: screw, side parts total stainless steel
Cylinder brass Rest aluminium, stainless steel 
Available as a kit £97.75 or built £102

www.mamodspares.co.uk

HB16 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm, 1 kg
Base plate: beech Working rpm: 2000 rpm/min. (the 
engine has a aluminium good cooling Cylinder) 
Bearing application: 10 high-class ball-bearings 
Material: screw, side parts total stainless steel 
Cylinder brass Rest aluminium, stainless steel.
Available as a kit £140.25 or built £144.50

2kW WIND TURBINE KIT
The 2kW wind turbine is sup
plied as the following kit: turbine 
generator 48v three taper/ 
twisted fibreglass blades & hub 
8m tower (four x 2m sections) 
guylines / anchors / tensioners / 
clamps foundation steel rectifier 
2kW inverter heavy-duty pivot 
tower. £1,499

BULL GROUP LTD
UNIT D HENFIELD BUSINESS PARK 

HENFIELD SUSSEX BN5 9SL 
TERMS: C/ CARDS, CASH, PO, CHEQUE OR 

ONLINE ORDERING. PRICES PLUS VAT 
UK DELIVERY £5.50

TEL 0870 7707520 FAX 01273 491813 
sales@bullnet.co.uk

Solar Panels
We stock a range of solar photovoltaic panels. These are 
polycrystalline panels made from wafers of silicon lami
nated between an impact-resistant transparent cover and 
an EVA rear mounting plate. They are constructed with a 
lightweight anodised aluminium frame which is predrilled 
for linking to other frames/roof mounting structure, and 
contain waterproof electrical terminal box on the rear. 5 
watt panel £29 ref 5wnav 20 watt panel £99 ref 20wnav 
60 watt panel £249 ref 60wnav. Suitable regulator for up 
to 60 watt panel £20 ref REGNAV

Solar evacuated tube panels
(20 tube shown) These top-of-the-range solar panel 
heat collectors are suitable for heating domestic hot 
water, swimming pools etc - even in the winter! One unit 
is adequate for an average household (3-4people), and 
it is modular, so you can add more if required. A single 
panel is sufficient for a 200 litre cylinder, but you can fit 
2 or more for high water usage, or for heating swimming 
pools or underfloor heating. Some types of renewable 
energy are only available in certain locations, however 
free solar heating is potentially available to almost every 
house in the UK! Every house should have one -really! 
And with an overall efficiency of almost 80%, they are 
much more efficient than electric photovoltaic solar pan
els (efficiency of 7-15%). Available in 10, 20 and 30 tube 
versions. 10 tube £199, 20 tube £369, 30 tube £549. 
Roof mounting kits (10/20 tubes) £12.50, 30 tube 
mounting kit £15

BENCH PSU 0-15V 0-2a Output 
and voltage are both smooth 
and can be regulated according 
to work, Input 230V, 21/2-num- 
ber LCD display for voltage and 
current, Robust PC-grey hous
ing Size 13x15x21cm, Weight 
3,2kg £48 REF trans2

NEW ELECTRONIC CONSTRUCTION KITS
This 30 in 1 electronic kit includes an introduction to elec
trical and electronic technology. It provides conponents 
that can be used to make a variety of experiments includ
ing Timers and Burglar Alarms. Requires: 3 x AA batter
ies. £15.00 ref BET1803
AM/FM Radio This kit enables you to learn about elec
tronics and also put this knowledge into practice so you 
can see and hear the effects. Includes manual with 
explanations about the components and the electronic 
principles. Req’s: 3 x AA batts. £13 ref BET1801
This 40 in 1 electronic kit includes an introduction to 
electrical and electronic technology. It provides conpo- 
nents that can be used in making basic digital logic cir
cuits, then progresses to using Integrated circuits to 
make and test a variety of digital circuits, including Flip 
Flops and Counters. Req’s: 4 x AA batteries. £17 ref 
BET1804
The 75 in 1 electronic kit includes an nintroduction to 
electrical and electronic technology. It provides conpo- 
nents that can be used to make and test a wide variety of 
experiments including Water Sensors, Logic Circuits and 
Oscillators. The kit then progresses to the use of an inter
grated circuit to produce digital voice and sound record
ing experiments such as Morning Call and Burglar Alarm. 
Requires: 3 x AA batteries. £20 ref BET1806 

www.slips.co.uk
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PIC & ATMEL Programmers
We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site.
Programmer Accessories:
40-pin Wide ZIF socket (ZIF40W) £14.95
18Vdc Power supply (PSU010) £18.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection. 
Header cable for ICSP. 
Free Windows XP soft- 
w are. See website for PICs 
supported. ZIF Socket and 
USB lead extra. 18Vdc.

Kit Order Code: 3149KT - £39.95
Assembled Order Code: AS3149 - £49.95

NEW! USB 'All-Flash' PIC Programmer
USB PIC programmer for all 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF
Socket and USB lead not incl.

ABC Maxi AVR Development Board
The ABC Maxi is 
ideal for developing 
new designs. Open 
architecture built 
around an ATMEL 
AVR AT90S8535
microcontroller. All circuits are embedded 
within the package and additional add-on 
expansion modules are available to assist 
you with project development.
Features
8 Kb of In-System Programmable Flash (1000 
write/erase cycles) • 512 bytes internal SRAM • 
512 bytes EEPROM • 8 analogue inputs (range 0- 
5V) • 4 Opto-isolated Inputs (I/Os are bi
directional with internal pull-up resistors) • Output 
buffers can sink 20mA current (direct LED drive) • 
4 x 12A open drain MOSFET outputs • RS485 
network connector • 2-16 LCD Connector • 
3.5mm Speaker Phone Jack • Supply: 9-12Vdc

The ABC Maxi STARTER PACK includes 
one assembled Maxi Board, parallel and 
serial cables, and Windows software CD
ROM featuring an Assembler, BASIC com
piler and in-system programmer.
Order Code ABCMAXISP - £89.95
The ABC Maxi boards only can also be 
purchased separately at £69.95 each.

4-Ch DTMF Telephone Relay Switcher
Call your phone num
ber using a DTMF 
phone from anywhere 
in the world and re
motely turn on/off any 
of the 4 relays as de
sired. User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc.
Kit Order Code: 3140KT - £54.95
Assembled Order Code: AS3140 - £69.95 

8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and sensing applica
tions. Programmed via serial port (use our 
new Windows interface, terminal emulator or 
batch files). Serial cable can be up to 35m 
long. Includes plastic case 130x100x30mm. 
Power: 12Vdc/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

Assembled Order Code: AS3128 - £44.95
Assembled with ZIF socket Order Code: 
AS3128ZIF - £59.95 

‘PICALL’ ISP PIC Programmer
Will program virtually all 8 
to 40 pin serial-mode AND 
parallel-mode (PIC15C 
family) PIC microcontrol
lers. Free Windows soft

ware. Blank chip auto detect for super fast 
bulk programming. Optional ZIF socket. 
Assembled Order Code: AS3117 - £24.95
Assembled with ZIF socket Order Code:
AS3117ZIF - £39.95

ATMEL 89xxxx Programmer
Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc.

Kit Order Code: 3123KT - £24.95
Assembled Order Code: AS3123 - £34.95

Introduction to PIC Programming 
Go from complete beginner 
to burning a PlC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and Irewritable PIC16F84A that you can use 
with different code (4 detailed examples pro
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95
Assembled Order Code: AS3081 - £24.95

Controllers & Loggers
Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £8.95

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High secu
rity. 4 channels. Momentary 
or latching relay output.
Range up to 40m. Up to 15 
Tx’s can be learnt by one Rx 
(kit includes one Tx but more 
available separately). 4 indicator LED ’s. 
Rx: PCB 77x85mm, 12Vdc/6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KT - £44.95 
Assembled Order Code: AS3180 - £54.95

Computer Temperature Data Logger
Serial port 4-channel tem
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 

rangeot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Pow
ered by PC. Includes one DS1820 sensor. 
Kit Order Code: 3145KT - £17.95 
Assembled Order Code: AS3145 - £24.95 
Additional DS1820 Sensors - £3.95 each

Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix).

Infrared RC 12-Channel Relay Board
Control 12 onboard relays with 
included infrared remote con
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm.
Supply: 12Vdc/0.5A

Kit OrderCode: 3142KT - £47.95
Assembled Order Code: AS3142 - £59.95

Audio DTMF Decoder and Display
Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char
acters are displayed on a 

16 character display as they are received and 
up to 32 numbers can be displayed by scroll
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm.
Kit Order Code: 3153KT - £24.95
Assembled Order Code: AS3153 - £34.95

Telephone Call Logger
Stores over 2,500 x 11 
digit DTMF numbers with 
time and date. Records all 
buttons pressed during a 
call. No need for any con
nection to computer during operation but 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445).
Kit Order Code: 3164KT - £54.95
Assembled Order Code: AS3164 - £69.95

mailto:sales@quasarelectronics.com
http://www.QuasarElectronics.com


Hot New Products!
Here are a few of the most recent products 
added to our range. See website or join our 
email Newsletter for all the latest news.

DC Motor Speed Controller (100V/7.5A)
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque

Motor Speed Controllers
Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details.

QUASAR 
electron ics 
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Embedded Engineer's Development Tool 
(Atmel 89S & AVR)
At last the develop
ment tool kit for 
Atmel 89S & AVR 
devices that engi
neers have 
dreamed of has 
arrived. The kit
includes a Built-in ISP Programmer, Target 
Section, Interfacing Board, Cables, eBook 
with codes, e-Learning Software with expla
nation and CD all in one neat package. De
vices covered include 89S51, 89S52, 
89S8253, mega8515, mega8535, mega8, 
mega16 & mega32.
Features
Designed for working professionals, students 
and product development companies 
You can connect any device like LCD, 7- 
Segment, Sensors, Switches to any desired 
port of the microcontroller 
No dedicated connections between microcon
troller and the interfacing sections. You can 
connect anything, anywhere 
e-Learning Tutorial and Book are included 
Once you start using the kit, you will should 
never feel the need to attend any trainings 
because it is simple to use and all concepts 
are explained in simple language using the 
tutorial and book
Includes 89S51, 89S52, ATmega8, AT- 
mega16, ATmega32 In-circuit Programmer - 
no need to buy a separate programmer! 
No ZIF Sockets. No hassle inserting and 
removing microcontroller to program 
In-circuit programming reduces development 
time as you do not need to move microcon
troller
Contents

• In circuit programmer for 89S and AVR 
series (supports up to Atmega128)

• 89S51/52 target section
• ATmega8 Target section
• ATmega16/32 Target section
• Switches
• Relays
• LEDs
• 7 Segment Displays
• 16X2 LCD
• ADC
• Motor Driver
• RS232
• EEPROM
• Cables
• Connectors
• Serial Port Lead
• e-Learning Software
• e-Datasheets
• HandyProg Programming software
• IDEs for code writing
• Application source code

Assembled Order Code: EEDT - £89.95

at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H.
Kit Order Code: 3067KT - £13.95
Assembled Order Code: AS3067 - £21.95

500-in-1 Electronic Project Lab
PC / Standalone Unipolar
Stepper Motor Driver 
Drives any 5, 6 or 8-lead 
unipolar stepper motor 
rated up to 6 Amps max. 
Provides speed and direc-
tion control. Operates in stand-alone or PC-
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £12.95
Assembled Order Code: AS3179 - £19.95

Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper 
motor using externally sup
plied 5V levels for stepping 
and direction control. These 
usually come from software 
running on a computer.

Also available - 30-in-1 £16.95, 130-in-1
£39.95 & 300-in-1 £59.95 (details on website)

Supply: 8-30Vdc. PCB: 75x85mm.
Kit Order Code: 3158KT - £17.95
Assembled Order Code: AS3158 - £27.95

Bidirectional DC Motor Controller
Controls the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re
verse direction. The

range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections.
Kit Order Code: 3166v2KT - £17.95 
Assembled Order Code: AS3166v2 - £27.95

Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix).

AC Motor Speed Controller (700W)
Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or single 
phase 230V AC motor 
rated up to 700 Watts.
Simply turn the potentiometer to adjust the 
motors RPM. pCb: 48x65mm. Not suitable 
for use with brushless AC motors.
Kit Order Code: 1074KT - £12.95
Assembled Order Code: AS1074—£18.95 
Box Order Code 2074BX - £5.95

Top of the range. Com
plete self-contained elec
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course
books (total 368 pages) - Hardware Entry
Course, Hardware Advanced Course and a
microprocessor based Software Program
ming Course. Each book has individual circuit 
explanations, schematic and connection dia
grams. Suitable for age 12+.
Order Code EPL500 - £149.95

Tools & Test Equipment
We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web
site to see our full range of products.

Professional Digital Multitester (9 Func
tion inc Temperature)
High quality DMM offering 31 ranges and 9
functions (see table below 
for full details) and adjust
able LCD screen for easy 
viewing.
Supplied with shrouded 
test leads, K type tem
perature probe, shock-proof rubber holster, 
built-in probe holder & stand.
Large 36mm digit adjustable LCD display • 
Auto power OFF • Data hold • Automatic 
polarity indication • Low battery indication • 
Audible continuity test^ Transistor hFE and 
diode test
Technical Specifications
DC voltage: 200mV-1000V • AC voltage: 2V-750V • 
DC current: 20mA-10A • AC current: 20mA-10A • 
Resistance: 200Q-200MQ • Capacitance: 2nF-20uF 
• Temperature: 0 - 1000°C • Max display: 1999 
Order Code: DMM225 - Was £31.95
Now on sale at just £21.95!

See website for more super deals!

www. QuasarEtectronics. com
Secure Online Ordering Facilities • Full Product Listing, Descriptions & Photos • Kit Documentation & Software Downloads



Everyday Practical Electronics Magazine has been publishing a series of popular kits by the 
acclaimed Silicon Chip Magazine Australia. These projects are 'bullet proof' and already tested 
down under. All Jaycar kits are supplied with specified board components, quality fibreglass 
tinned PCBs and have clear English instructions. Watch this space for future featured kits.

meter or oxygen sensor in 
your car. The kit 
features 10 LEDs that

Voltage Monitor Kit 
KC-5424 £6.00 + postage & packing 
Tiis versatile kit will allowyoutomonitor 
the battery voltage, the airflow

Intercooler Water Spray Controller 
KC-5422 £3.00 + postage & packing
Intercooler water sprays are a very effective and 
inexpensive way of upgrading intercooler performance. 
Using a 'dump' system to trigger the spray often results in 

the need for frequent water top-ups. Simply add these few 
components to the Smart Fuel Mixture Display Kit 
(KC-5374) and reduce water consumption by up to 
two-thirds with no loss in cooling efficiency.
• As published in this month's EPE Magazine

Lead-Acid Battery Zapper Kit 
KC-5414 £11.75 + postage & packing
This simple circuit is designed to produce bursts of high- 
energy pulses to help reverse the damaging effects of 
sulphation in wet lead acid cells. This is particularly useful 
when a battery has been sitting for a period of time 
without use. The effects are dependant of the battery's 

condition and type, but the results can be quite good 
indeed. Kit supplied with case, 
silk-screened lid, leads, 
inductors, and all electronic 
components, with clear w'''”
English instructions. /

• As published in EPE —5k ____ »T.

Magazine July 2007 —

SMS Controller Module
KC-5400 £15.95 + postage & packing
Control appliances or receive alert notification from anywhere. By sending plain text messages this 

kit will allow you to control up to eight devices. At the same time, it can also monitor 
four digital inputs. It works with old Nokia handsets such as the 5110, 6110, —-.p-fS

3210, and 3310, which can be bought inexpensively if you do not already 
own one. Kit supplied with PCB, pre-programmed microcontroller and " V 

all electronics components with clear English instructions.
• Requires a Nokia data cable which can be readily found in mobile phone * 

accessory stores.
• As published in EPE Magazine March 2007

AVR Adaptor Board Kit 
KC-5421 £10.25 + postage & packing 
This kit is designed in conjunction with 

KC-5340 AVR ISP Serial Programmer Kit.A low cost method 
of stand-alone programming for when the application board 

is unavailable or doesn’t include an ISP (or JTAG) header. 
Programme, erase and rewrite program and data memory in 
an AVR microprocessor with this socket board. Kit includes 

support for in-system programming, PCB with overlay, clock 
source and microcontroller IC t
socket. This kit is designed in 
conjunction with KC-5340 AVR 
ISP Serial Programmer. * 

• As published in EPE
Magazine December 2007

light in response to the ' - ' 
measured voltage, preset 
9-16V, 0-5V or 0-1V ranges, 

complete with a fast response NEW I
time, high input impedance and auto C____  
dimming for night driving. Kit includes PCB 
with overlay, LEDs and all electronic components with 

clear English instructions.
• Requires 12VDC power
• Recommended box: UB5 HB-6015 £0.83
• As published in EPE Magazine November 2007

RR-0700 £5.75 + postage & packing
Convenient resistance selection. Select from 36 values 

from 5 ohms to 1M ohms. Great for creating new circuits 
by selecting the best 
resistance Removes 
some of the 
calculations 

associated with 
resistance usage •

• Comes 
complete with 
leads and insulated NB

crocodile clips. ' ~ " I ' ™
• Uses 0.25W resisters with 5% tolerance ™

3V to 9V DC to DC Converter Kit 
KC-5391 £4.95 + postage & packing
Allows you to use regular Ni-Cd 
or Ni-MH 1.2V cells, or alkaline 

1.5V cells for 9V applications. V J j 
Using low cost, high 

capacity rechargeable JmJT iJS 
cells, this kit will pay 

for itself in no time. VRlu'-sfe. ’
You can use any 1.2- 
1.5V cells you desire. ' 

Imagine the extra capacityyou
would have using two 9000mAh D cells in replacement of a 

low capacity 9V cell.
• Kit supplied with PCB & all electronic components. 
• As published in EPE Magazine June 2007

Everyday Practical Electronics 
FEATURED KITS

KC-5340 £14.75 + postage & packing 
Program, erase and rewrite the program and data 

memory in your AVR microprocessor without removing it 
from the application circuit. This kit connects to the 

computer serial port, uses royalty-free software 
available on the Internet and allows you to program a 

multitude of micros in the 
AVR 8-bit RISC family (see 

website for full ME
listing). Kit supplied 
with PCB, Jiffy box 

with silk-screened lid < B^^ 
and all electronic 

components.

Luxeon Star LED Driver Kit
KC-5389 £9.25 + postage & packing
Luxeon high power LEDs are some of Q , 
the brightest LEDs 

available in the 
world. They offer up ° • B|M||li^^Kj 
to 120 lumens per w 
unit, and will last up to Va |
100,000 hours! This kit 
allows you to power the
fantastic 1W, 3W, and 5W Luxeon Star LEDs from 12VDC. 
Now you can take advantage of these fantastic LEDs in 

your car, boat, or caravan.
• Kit supplied with PCB, and all electronic components.
• As published in EPE Magazine April 2007

QM-1542 £14.00 + postage & packing 
An advanced pocket sized DMM 

that is suitable for serious ■ 
work. It features detachable 
leads, capacitance and 

frequency ranges as well as a 
CATIII rating and 

non-contact voltage detection.
• AC & DC voltage: 600V 
• AC & DC current: 200mA
• Resistance: 40 MOhms
• Capacitance: 100pF
• Frequency: 100kHz
• Diode test
• Dimensions: 120(L) x 55(W) x 

40(D)mm

KC-5374 £8.95 + postage & packing 
Illis kit features auto dimming for night driving, 
emergency lean-out alarm, and better circuit protection. 
Another great feature is the ‘dancing’ display, which 
operates when the ECU is operating in closed loop. Kit 
supplied with PCB and all electronic components.
* Car must be fitted with airflow and „ ya, 

EGO sensors (standard on all
EFI systems) for full 
functionality. 1

AVR ISP Serial Programmer Kit

CAT III Autoranging Pocket DMM

Smart Fuel Mixture Display 
for Fuel Injected Car

j AVRisp
• SERIAL

RogRammEr

/// f / n J

Resistor Substitution Wheel



use

Red Version: 
Cat. KC-5404

430+ pages 

ALL prices in PDS

General Electronics Projects 
- just for fun!

Note: Products are despatched from Australia, so local 
customs duty and taxes may apply.

Blue Version: 
Cat. KC-5416

Digital Multimeter Kit
KG-9250 £6.00 + postage & packing
Learn everything there is to know about component 
recognition and basic electronics with this comprehensive 

kit. From test leads to solder, everything you need for the 
construction of this meter is included. All you'll need is a 
soldering iron!
• Meter dimensions: 67(W) x 123(H) x

25(D)mm

How to order:
Phone: Call Australian Eastern Standard Time Mon-Fri 
on 0800 032 7241. Fax: +61 28832 3119
Email: techstore@jaycarelectronics.co.uk
Post: 320 Victoria Rd, Rydalmere NSW 2116 Australia
Expect 10-14 days for air parcel delivery

12V Emergency Lighting Controller
KC-5456 £20.50 + postage & packing 
This easy-to-build project is 
designed to automatically 

supply power for 12V ^BB _ -
emergency lighting during a 
blackout. The system has I 

provision for its own 7.5Ah SLA )

battery, which is maintained via a|||[Z«M 
an external smart charger. The 
system includes a manual 
override switch & automatic protection to prevent 
over-discharge of the battery. Kit supplied with all 
electronic components, screen printed PCB, front panel 
and case. Charger and SLA battery available separately..

Fast Ni-MH Battery Charger Kit 
KC-5453 £11.75 + postage & packing 
A truly versatile 
charger, capable of ' /'

handling up to 15 of aM' Jk ’ii
the same type 101 |»
of Ni-MH or ( ffcn SBB^agLgJIr' 
Ni-Cd cells. 1 '

Build it to suit f
any size cells or 
cell capacity and set your 
own fast or trickle charge rate. It also has 
overcharge protection including temperature sensing. Ideal 
for R/C enthusiasts who burn through a lot of batteries. Kit 
includes PCB and all specified electronic components. 
Case, heatsink & battery holder not included.

Max weight 12lb (5kg). Heavier parcels POA.
Minimum order £10.

Case not included 
HB-6082 £2.95 
Requires 

9-12VDC wall 
adaptor (Maplin 

#JC91Y £14.99)

Checkout Jaycar’s extensive range. We have 
kits & electronic projects for use in:
• Audio & Video fly
• Car & Automotive
• Computer
• Learning & Educational r
• Lighting C
• Power
• Test & Meters

It consists of an AVR driven clock circuit that drives an 8 segment 12 or 24H display. The 
segments are 48mm high and consist of 3mm high brightness - but diffuse - LEDs. 
Additionally, around the PCB diameter are 3mm high brightness LEDs on a 60 second 

circle (every 5 seconds is a 5mm LED). When the clock is running the "seconds" are kept 
by a chase-LED running anti-clockwise from 12 noon back to the relevant "seconds" 

position. It takes exactly one second and this position remains 
illuminated. When the entire face has filled up one minute has 
elapsed, the digital clock increments by one and the whole 
process starts again. Trust us, the visual effect is mesmerising!!^!

The kit comprises of 188mm diameter double sided plated-thru 
PCB with overlay and all board components. A special clock M 

housing is included.

Two versions: WB3I
• With red LEDs KC-5404 £41.75 + postage & packing ^B 
• With blue LEDs KC-5416 £55.25 + postage & packing

PIC Logic Probe Kit 
KC-5457 £4.50 + postage & packing 
Most logic probes are designed to operate on the 5V rails 
that have been around in logic circuits for years.
This design operates on a wide voltage range down to 
2.8V so it's suitable for use on the most modern circuits. 
It's also extremely compact with SMT devices on a PCB 

only 5mm wide, so it will fit inside a very slim case. It's 
capable of picking up a pulse only 50mS long and will 
also detect and hold infrequent pulses when in latch 
mode. Kit includes PCB and all specified 

electronic components including 
pre-programmed PIC. You'll 
need to add your own case , J^JgB 

and probe - a clear 
ballpoint 
pen. _ " *■ |

Remote Controlled Mains Switch
KC-5462 £29.00 + postage & packing
Commercial remote control mains
switches are available but these are ■ . g^^^B 
generally limited to a range of less Bq „ W
than 20m. This UHF system will ■ M

operate up to 200m and is perfect for V - ^B
remote power control systems etc. ■© «-», ^B
The switch can be activated using ■ ^B
the included hand held controller or ■ ^B
our KC-5461 water tank level sensor ■ ^B
base station. Kit supplied with case, ■ ^B
screen printed PCB, RF modules and W

all electronic components.

Stereo VU & Peak Meter Kit 
KC-5447 £20.50 + postage & packing
Accurately monitor audio signals to prevent signal 
clipping and ensure optimum recording levels. Very 

responsive and uses two 16-segment bargraphs to display 
signal levels and transients peaks in real time. There are a 

number of display options to select, and both the signal 
threshold and signal level calibration for each segment 
are adjustable. Kit supplied with PCBs, LCD and all 
electronic components. Accuracy within 1dB for signals 
above -40dB.

PIR Controlled Mains 
Power Switch
KC-5455 £23.25 + *
postage & packing _ yp- 1 ,
You’ve seen those lights ' VA.
fitted with PIR detectors I

that turn on when someone 
approaches. Well now you can 

do the same thing with just 
about any mains-powered device you like including security 
systems, decorative lighting, fountain pumps or even 

commercial advertising etc. The system uses a standard PIR 
to safely turn on 240VAC mains device(s) for an adjustable 

pre-set period. Kit supplied with case, screen printed PCB, 
and all electronic components.

Cost 
£5 

£10 
£20

Cost 
£30 

£40

Order Value____  
£10 - £49.99 

£50 - £99.99 
£100 -£199.99

Order Value____  
£200 -£499.99 

£500+

[fl New Jaycar Kits

Handy Tools

Clockwatchers' Clock Kit - It's Hypnotic

Post and Packing Charges

laucar
Electronics

•ORDER ON-LINE 1
•ALL PRICING IN 

POUND STERLING
•MINIMUM ORDER 

ONLY £10 J

Build-It-Yourself
ElectronicProjectKits

Check out the Jaycar range in your FREE Catalogue - logon to

www.jaycarelectronics.co.uk/catalogue
or check out the range at

www.jaycarelectronics.co.uk

Kits for 
Enthusiasts

0800 032 7241
(Monday - Friday 09.00 to 17.30 GMT + 10 hours only) 

For those who want to write: 320 Victoria Rd.
Rydalmere NSW 2116 Sydney AUSTRALIA

mailto:techstore@jaycarelectronics.co.uk
http://www.jaycarelectronics.co.uk/catalogue
http://www.jaycarelectronics.co.uk


PCB Production - Development 
0.1” Copper Stripboard
Size Tracks/Holes
25 x 64mm 
64 x 95mm 
95 x 127mm 
95 x 432mm 
100 x 100mm 
100 x 500mm 
119 x 455mm

9T / 25H
24T / 37H
36T / 50H

36T / 170H
39T/38H 

39T / 199H 
46T / 179H

Stripboard track cutter

Solderless Breadboard
Tie Points & Size Power Rails

£0.24 
£0.87 
£1.41
£4.39 
£1.40 
£6.20 
£5.40
£1.99

390
840
740
640

81 x 60mm 2
175 x67mm 2
175 x 55mm 1
175 x42mm 0

£2.75 
£4.86 
£4.03 
£3.08• .. • ■ • • • • .. .. .

Many other s zes ava lable, 
also jump w res & matr x board.

PCB Production - Drafting Materials 
A4 Artwork Film (per 10 sheets)
Clear Manual F lm £1.20
Clear Laser Film 
White HQ Laser Film 
Etch Resist Pens 
“Dalo”Pen .

£1.75
£4.62

£3.36.
“Staedtler” Fine Pen £0.96 
Etch ResistTransfers
Seno mixed DIL pads £2.24
Seno mixed Rnd pads £2.24
Alfac mixed pads £1.84 » 11 I I
Transfer Spatular £1.25 iiiiiihi I

We carry the full range of Seno & Alfac PCB transfers, 
see our catalogue for full details.

Soldering Irons
We carry in stock a wide range of soldering iron and 
soldering accessories. Irons from 12 to 100 Watts.
20W 240V Basic £3.74
25W 240V Ceramic £7.14
30W 240V Basic £4.68

Desolder Pumps
Basic 165 x 18mm0£2.85
Antistatic 195mm £3.92
AntexMini 198mm £6.02
Antex Pro 210mm £10.26

Soldering Station
A 48W adjustable temperature j 
soldering station with a rotary di
al, LED Temperature metering, on- 
off switch, iron holder and tip clean
ing sponge. This station features ac
curate heat sensing for instant 
compensation & stable tempera
tures. Adjustable temperature / 
range of 150 - 420°C, Low volt
age iron with Silicone cable. B 
Supply: 240V, Iron: 24V 48W

Model 167-540 £41.66

Soldering Station
A 48W adjustable temperature 
soldering station with a rotary di
al, Digital Temperature Indication, 
on-off switch, iron holder and tip 
cleaning sponge. This station fea
tures accurate heat sensing for 
instant compensation & stable 
temperatures. Adjustable tem
perature range of 150 - 480°C, 
Low voltage iron with Silicone 
cable.
Supply: 240V, Iron: 24V 48W

Model 167-570 £55.61

PCB Production - Processing Equipment
We carry a large range of the photographic & chemical 
processing equipment for PCB production, a full list with 
full technical specifications is available in our catalogue 
or vist our web site.
UV Exposure units
2 x 8W Tubes, 6 min timer
229 x 159mm working area
Model 332-002 £98.75
4 x 15W Tubes, 7^ min timer 
330 x 260mm working area 
Model 332-004 £209.48
Chemical Processing
Low cost plastic tray £2.30
Process tanks feature electrically ।
operated pumps and/or heaters _
with thermostat control, suitable '
for boards upto 320 x 260mm.
Universal Tank with heater
Model 333-007 £169.58
Bubble etch Tank with heater
& bubble pump.
Model 333-004 £208.48 Any of these items, carriage £5.50

PCB Production - Laminates
Copper clad - paper
Single sided low cost paper composite board 
100x 160mm Board £0.54
100 x 220mm Board 
160 x233mm Board 
220 x 233mm Board 
8“ x 12” Board

£0.62
£1.02
£1.40
£1.96su x I uoai I . f .j

Copper clad - glass fibre
Single & Double 1.6mm 305g/m2 
100x 160mm Single £1.06

PCB Production - Tools
Drill Bits
HSS parallel shank bits available in sizes from 0.3mm to
2.0mm
0.3-0.95mm in 0.05mm steps £0.60ea £4.00/10
1.0-2.0mm in 0.1mm steps £0.40ea £3.60/10

HSS Reduced shank (2.35mm) bit available in sizes from 
0.6mm to 1.7mm in 0.1mm steps £0.84ea £7.60/10

Reground Tungsten carbide reduced shank available in 
sizes from 0.6 io 1.6mm in 0.1mm steps £1.90

Drilling Machines
Expo Reliant 12V drill, 3.8mm capacity, 8400rpm £12.78
Expo Zircon 12V drill, 3.8mm capacity, 11900rpm £14.20

Minicraft MX1 230V, 8000 - 21000rpm with 
chuck & collet. Model EPE270-390
Normal price £48.51

SPECIAL PRICE 
£31.02

Servisol Products 
Aerosols
200ml 
200ml
400ml 
400ml
75ml 
200ml
200ml 
250ml
200ml 
400ml
Tubes
10g
25g 
50g

Switch Cleaner 
Freezer
Foam Cleanser
Cleaner / lubricant 
Vide Head Cleaner 
Aero Klene 
Aero Duster
Cold Clean
Label remover 
Isopropyl alcohol

Heatsink Compound 
Heatsink Compound 
Silicone grease

£2.30
£4.39
£2.13
£2.79
£1.94
£3.33
£5.13
£3.14
£3.52
£3.42

£1.66
£2.60
£3.16

Bench Power Supplies
A range of single output regulated bench power sup
plies with variable voltage & current limiting. Features: 
Short circuit and “Foldback” overload protection, Metal 
case with on/off switch, outputs via Red, Black & Green 
(Earth) 4mm shrouded sockets 

-

Single & Double 1.6m 
100x 160mm Single 
100 x 220mm Single 
160 x 233mm Single 
220 x233mm Single 
8" x 12” Single
100 x 160mm Double
100 x 220mm Double 
160 x 233mm Double 
220 x233mm Double 
8“ x 12” Double , . 
Photoresist Coated

£1.49 
£2.29
£2.88 
£3.98 
£1.09 
£1.25 
£2.30 
£2.90 
£4.05

1.6mm 35 micron Pre-coated with a high quality photo
resist layer. Available in low cost paper composite or 
Glass fibre, Single & Double sided. Other sizes also
available.

Paper Glass Fibre
Size Single Double Single Double
4 x 6” £1.47 £1.82 £1.89 £2.17
6x12” £4.20 £5.04 £5.60 £6.23
9x 12” £6.30 £7.70 £8.40 £9.38
10 x 12” £8.19 £10.01 £10.78 £11.83
12x12” £8.26 £10.08 £10.99 £12.25
100 x 160mm £2.38 £2.66
203 x 114mm £3.01 £3.43
220 x 100mm £3.08 £3.71
233 x 160mm £4.83 £5.32
233 x220mm £6.83 £7.70

PCB Production - Chemicals
100ml Aerosol Photoresist spray, covers 2m2 £4.62
50g Powder developer, makes 1lt £1.09
500g Powder developer, makes 10lt £7.08
250g Ferric Chloride Pellets, makes 500ml £1.68
500g Ferric Chloride Pellets, makes 1lt £3.04
2.5kg Ferric Chloride Pellets, makes 5lt £9.84
1.1kg Clear Fine etch crystals, makes 5lt £17.58
90g Tin Plating Powder, makes 1lt £11.58
200ml Aerosol Flux spray £3.41
110ml Aerosol PCB Laquer spray £3.54

Tools - Cutters & Strippers
We carry a wide range of specialist tools for the elec
tronics industry including:Side Cutters
130mm Lowcost 
115mm Draper 
115mm Box Jointed 
145mm Long reach 
Wire Strippers
130mm Low cost 
150mm Draper 5mm0

£1.99
£2.38
£4.26
£3.40

£2.30
£5.86

Tools - Ratchet Crimping Pliers
High quality ratchet crimping pliers for various lerminaL 
including Automotive, Data, Power and Data connections. 
Red / Blue / Yellow £15.80

iers for various terminals

BNC /TNC RF series 
RJ11/12Data Series 
RJ45 Data Series 
RJ11/12& 45 Series
Ck® Tools Crimp Pliers
Green/Red/Blue

£15.08
£22.32
£20.43
£11.83

Digital Multimeter 
Model: 121-120 
Price: £11.47
A highly featured digital 
multitester for professional 
use. Offers 30 ranges and 8 
functions including temper
ature, capacitance, diode, 
continuity and hFE measure
ment. Large 3.5 digit LCD 
display with automatic po
larity indicator. Supplied 
with shrouded test leads, K 
type temperature probe and 
shock proof rubber holster.

Technical Specifications 
DC voltage 200mV-1000V 
(±0.5%)
AC volts 2V - 700V (±0.8%)
DC current 2mA - 20a (±1.2%) 
AC current 200mA - 20A 
(±1.8%) 
Resistance 200 Ohms - 20M 
Ohms (±0.8%) 
Capacitance 2000pF - 20^F (±2.5%) 
Temperature 0°C -1000°C (±1.5%) 
Frequency 20kHz (±1%) 
Max display 1999
Power supply 9V (PP3 battery) 
Dimensions 88 x173 x40 mm

All meters £5.89 each 
6V Lamps £1.23 /pair

Model: 461-550 
Model: 461-552 
Model: 461-554

0-30V0-3A
O-5OV 0-3A 
0-3OV O-1 OA

£70.88
£81.00 
£1 35.0 0

Panel Meters
High quality analogue panel meters, class 2, zero point g q.-y g _pl_•, , pcorrection, mirror scale and prewired for panel illumi
nation. Meter size 46 x 60mm, Cutout size: 38mm0.
Range 
0-50uA 
0-100uA 
0-500uA 
0-1 mA 
0-10mA 
0-50mA 
0-100mA 
0-1A 
0-3A 
0-5A 
0-15A 
0-10V 
0-15V 
0-30V 
±50uA

Int Q 
6k5 
1 k0 
430Q 
200Q 
2fi6 
1Q2 
0065 
60mO 
20mO 
12mO 
4mO 
10k 
15k 
30k 
1 k9

Red/Blue/Yellow 
0.24-2.5mm2 crimps 
0.5-6.0mm2 crimps 
Non insulated crimps

£24.38
£22.88
£26.01
£26.01
£24.38

Cable - Ribbon
7/0.127mm Grey ribbon cable on a 0.05” 1.27mm pitch 
with a red identifying stripe. Supplied by 305mm (1ft) or 
on full 30.5m (loOft) reels 
Size per 305mm per Reel 
10 Way £0.10 £5.80
14 Way £0.14 £7.50
16 Way £0.16 £8.58
20 Way £0.20 £10.72
26 Way £0.26 £13.94
34 Way £0.34 £18.22
40 Way £0.40 £21.44
50 Way £0.50 £26.80
60 Way £0.64 £33.92
IDC Crimp tool £10.60

CAT5e Networking
UTPCable
Conforms to CAT5E 
100MHz standard, 
ETA verified TIA/EIA 568-B.2

305m Box 
100m Reel 
exc carriage.

CKTAh DRAPER

NIC COMPONENTS

>»JOKAPI«<]

Magnifying Desk Lamp
A high quality scratch resistant 
magnifying glass fitted to a bal
anced swivel arm and desk 
mount. An integral flourescent 
tube provides illumination.
Magnification: 3x Lens: 120mm0 
Tube: 22W Daylight simulation.

Model: 028-205 £28.80

RJ45OuiletJ<il 
Backing Box 
2 Gang Plate 
RJ45 Module 
Blank Module 
Coloured id inserts. 
£2.99ea £2.42 (10+)

£45.31
£22.28

TH»»«»— Sound & Lighting 
equipment for the Entertainment Industry

Tools
Plastic punch down tool 
& cable stripper 
Professional punch down 
IDC & trimtool
Outlets
CAT5e Outlet Module : 
1Gang Plate (2 Mods) : 
2 Gang Plate (4 Mods) : 
J4 Module Blank
1 Module Blank
2 Module Blank

£1.40

£7.38

£1.70
£0.50
£0.75
£0.25
£0.35
£0.45....., ,...,,,. .

Other keystone outlets, switches & accessories avail
able. Patch & Cross-over leads from £0.50

TaI< 01012514363 Station Road ® CS Prices Exclude Vat @17^%/\Tel. 0I9I25I43O3 Station Roa" TT UK Carriage £2.50 (less than 1kgj\
Emv* AIOI 9C990OA Cullercoats ■■ £5.50 greater than 1kg or >£30Fax: 0191 2522296 Tyne & Wear ™ Cheques / Postal orders payable to
sales@esr.co.uk NE30 4PQ — ESR Electronic Components.

___________________________________________________________________________________________________ PLEASE ADD CARRIAGE & VAT TO ALL ORDERS

mailto:sales@esr.co.uk
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Hello world
Last month, Mike Kenward was kind enough to announce me as the new ‘safe pair of 

hands’ at the editorial wheel. Mike has edited EPE for many years, and along with the talent
ed team he has assembled has made it the thriving success we all enjoy - no mean feat when 
you consider the sad fate of many other electronics magazines. Naturally, I have plans about 
how to take EPE forward, but change will be evolutionary rather than revolutionary, and 
always in tandem with Mike, who remains the magazine’s publisher. I am delighted to say 
EPE stalwarts David Barrington and John Becker remain as consulting editors - my job 
would be nigh on impossible without their vast experience. Last, but not least, I would like to 
thank you the readers for your constant support through letters, project and article sugges
tions, and lively feedback through EPE’s Chatzone - please do keep sending us your ideas, 
likes and dislikes.

The future
It doesn’t happen often, but every now and again I meet an electronics product that really 

makes me sit up and take notice. I well remember switching from a DOS-based, command 
line PC to my first Windows (3.0) computer, and thinking ‘there’s no going back, from now 
on this is the way all computers will work’. Of course, it was hardly an original thought - mil
lions of other PC users had exactly the same reaction. I only mention it because I had a sim
ilar experience last November, when I bought an Apple iPhone. It’s one of those rare engi
neering products that really seems to have an element of magic in it.

True, it doesn’t do much more than many other phones and MP3 players, but like the move 
to graphical user interfaces in operating systems, it’s not so much what it does, but how it does 
it. The iPhone uses an astonishingly accurate touch screen for all control and data entry oper
ations - the only mouse you need is a finger. Interestingly, I find that it’s those with an 
informed interest in technology who most appreciate the original thinking behind the iPhone’s 
interface. Trust me, there will be many products that follow iPhone’s trailblazing example.

I thought long and hard about how to introduce myself in this, my first editorial 
for EPE. Eventually, I opted for two little words: ‘Hello world’. / A
They seem appropriate as they are the phrase most often used to test 
a communications link when learning programming. So, from me 
to you, the EPE worldwide readership - ‘hello’.

AVAILABILITY
Copies of EPE are available on subscription 
anywhere in the world (see opposite) and from 
all UK newsagents (distributed by SEYMOUR). 
EPE can also be purchased from retail magazine 
outlets around the world. An Internet online ver
sion can be purchased and downloaded for just 
$18.99US (approx £9.50) per year, available
from www.epemag.com

SUBSCRIPTIONS
Subscriptions for delivery direct to any address in the 
UK: 6 months £19.95, 12 months £37.90, two years 
£70.50; Overseas: 6 months £23.00 standard air ser
vice or £32.00 express airmail, 12 months £44.00 stan
dard air service or £62.00 express airmail, 24 months 
£83.00 standard air service or £119.00 express airmail. 
To subscribe from the USA or Canada call Express 
Mag toll free on 1877-363-1310
Online subscriptions, for downloading the magazine via 
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News A roundup of the latest 
Everyday News from the world . of electronics

Las Vegas CES Show
Barry Fox looks at some of the new products at this year’s CES Show

THE annual Consumer Electronics 
Show (CES) in Las Vegas is by far the 

largest consumer electronics show in the 
world - with 2,700 exhibitors packing the 
equivalent of 35 football pitches. No 
members of the public are allowed in, just 
140,000 trade visitors which just happens 
to be the number of slot machines in the 
county. Someone in the organiser’s office 
with nothing better to do has also just 
worked out it would take each visitor 2.5 
years to meet each exhibitor personally.

Navigating the show is a nightmare, 
mainly because the aisle and booth num
bering defies all human logic. When we 
asked for it to be explained, the assistant 
floor manager looked blank and admitted 
she “didn’t go by the signs”.

HD DVD Shock
This year’s show got off to a shock start 

with the news that movie giant Warner 
Bros would no longer support Toshiba’s 
HD DVD high definition disc format, and 
would instead throw all its weight behind 
the rival Blu-ray system developed by 
Sony, Pioneer, Panasonic and Philips. For 
the past year Warner has released titles in 
both formats, with Sony’s Columbia, 
Disney and Fox backing only Blu-ray, 
while Universal, Paramount and 
DreamWorks have exclusively supported 

HD DVD. The eve of show decision “was 
based purely on consumer preference for 
Blu-ray,” says Warner.

The announcement forced Toshiba and 
its partners to cancel their grand slam HD 
DVD party on the show’s opening night 
and scrap private briefings scheduled 
throughout the show. “We are currently 
discussing the potential impact of this 
announcement with the other HD DVD 
partner companies and evaluating next 
steps” was all the HD DVD Promotion 
Group would say. Industry insiders now 
expect legal actions, both between the 
companies involved and consumers who 
have bought players for which there will 
now be a much narrower selection of discs.

The bombshell announcement was 
deeply embarrassing for Toshiba. 
Delegates to CES are traditionally given 
an expensive rucksack to carry round the 
show. This year’s bag was sponsored by 
Toshiba and emblazoned ‘Toshiba - lead
ing innovation - HD DVD’. To add to 
their misery the company had scheduled 
a press conference for early on the first 
day of the show, to announce three new 
‘third generation’ HD DVD players. 
Although the press conference went 
ahead there was no mention or demon
stration of the players - just written 
details left in the paper press pack.

Toshiba’s digital consumer chief 
Yoshihide Fujii, the normally gung-ho 
‘father of HD DVD’ was missing and it 
was left to Akio Osaka, President of 
Toshiba USA and Marketing VP Jodi 
Sally to put on a brave face. “We were 
surprised by Warner’s announcement,” 
admitted Ozaka. “We firmly believe HD 
DVD offers the best solution for the con
sumer’s wants and needs.”

“This is a tough day for me” admitted 
Jodi Sally. “We have delivered on every 
promise we have made on features and 
affordability. Over a million players are in 
the US market. It’s difficult for me to read 
people writing that HD DVD is dead. We 
have been declared dead before”.

Challenging popular myths that are 
untrue, Scott Ramirez, Head of Toshiba’s 
TV Marketing, could not resist citing the 
saying that humans only use 10% of their 
brain. “It’s false,” he said, “although after 
what’s been going on over the last few 
days in this industry, it may very well be 
true”.

The Korean giants, Samsung and LG, 
were both left in the embarrassing posi
tion of launching complex and expensive 
‘Duo’ players that can play either Blu-ray 
or HD DVD discs. “They will be useful 
for people who want to watch Paramount 
and Universal movies” said LG.

How green is Standby?
‘Want to go green and digital? Fancy a 
new digital TV or digital box and want to 
make sure it’s easy to use and energy ejfi- 
cient?’, asks Ricability, the Research 
Institute for Consumer Affairs, founded by 
Which? magazine around 40 years ago.

Ricability has measured the power con
sumption of set top boxes, digital TV 
recorders and iDTVs, both in standby 
mode and in use. “We have just tested 
another 27 digital TVs and nine set top 
boxes, to add to the 85 test reports 
already on our site,” says Lindsey 
Etchell, Principal Researcher. Standby 
power usage varies hugely between dif
ferent models - from 0.2W to 3.86W on 
iDTVs and between 1.53W and 15.2W on 
set top boxes. “All you need do,” says 
Ricability, is “check out the latest digital 
TV reports at: www.ricability- 
digitalTV. org.uk”.

Unfortunately, and although Ricability 
issued a press release, ‘to raise consumer 
awareness of the issue’, the website 
provides no easy search option. “The search 
facility on our site is currently 

limited to whether or not a product has the 
ESR, Energy Saving Trust logo”, admits 
Caroline Jacobs, Ricability’s Development 
Manager. “To compare specific data on 
power usage in use/on standby/in eco mode, 
users need to look at the individual reports 
of the products they are interested in. 
However, this may be changed in the future. 
We hope to review and further develop the 
search criteria.”

GPS SATNAVS
The makers of GPS Satnavs are now fac

ing the same problem as the makers of cell
phones; they must find new ways of getting 
us to junk perfectly good equipment and 
buy a newer model that does much the 
same things plus a little of something 
slightly different. Mio Technology has 
been developing SiRFInstantFixll. This 
decidedly uncatchy name has a welcome 
purpose, to reduce the time a satnav takes 
to find the orbiting satellites overhead that 
tell the device where it is. The new system 
continually uses the position of satellites it 
has found to predict the choreographed 
position of other satellites up to three days 

in the future. This lets the satnav start giv
ing reliable directions only five seconds 
after it is switched on (browse 
www.mio.com and www.sirf .com).

Tele Atlas provides the software maps 
used by Mio, Tom Tom and Pioneer. The 
company is currently ploughing its profits 
back into a mammoth project, which will 
let next generation satnavs display three 
dimensional images of landmarks that 
drivers see as they drive down mapped 
roads. A truck has eight cameras round the 
sides and four more on the roof in bug-eye 
configuration to capture 360 degree images 
four times a second.

The first 3D maps are for New York, Los 
Angeles and Toronto, with more coming 
for Rome, Paris and Berlin. The satnav 
screen shows the road ahead and complete, 
textured 3D pictures of landmarks like the 
Empire State Building, United Nations 
Headquarters, Hollywood Sign and Eiffel 
Tower. The helpful advice ‘you can’t miss 
it’ could finally come true when the satnav 
manufacturers start building 3D into their 
devices sometime later this year. A lot of 
perfectly good satnavs will then become 
eminently junkable.

8 Everyday Practical Electronics, March 2008

http://www.ricability-digitalTV
http://www.mio.com
http://www.sirf


PICOSCOPE ’SCOPES EVEN MORE POWERFUL
You have no doubt seen publicity about 

PicoScope’s high-performance 5000 
Series PC Oscilloscopes. These scopes 
already have the highest real-time sam
pling rate of any USB PC Oscilloscope, 
at one gigasample per second. Their spec
ifications are improving all the time, and 
the latest feature to be added is a new set 
of advanced triggering functions.

Pico Technology, worldwide leader in 
the design and manufacture of PC 
Oscilloscopes, has released the latest ver
sion of PicoScope 6. This version is the 
first to support Pico’s entire range of 
USB PC oscilloscopes, and has a number 
of new features.

Owners of the high-performance 5000 
Series ’scopes are already familiar with 
the improved layout and advanced trig
gering options of PicoScope 6. It now 
supports all Pico oscilloscopes from the 
entry-level 2000 Series, through the gen
eral-purpose and high-precision ’scopes 
of the 3000 Series, up to the high-per
formance 5000 Series with 1GS/s real
time sampling rate.

The most exciting new feature in 
PicoScope 6 is resolution enhancement. 
This filtering algorithm adds up to four 
bits to the effective resolution of a scope. 
For example, it can boost the effective res
olution of a PicoScope 5203 or 5204 from 
8 bits to 12 bits, and the 12-bit PicoScope 
3224 and 3424 high-resolution scopes can 
now deliver up to 16 effective bits. The 
resolution enhancement is selectable in 
increments of 0.5 bit.

PicoScope 6 now has independent hori
zontal zoom, using a new control that is

easily accessed from the toolbar to give 
precise control over timebase magnifica
tion. The familiar windowed zoom tool is 
still there to allow quick inspection of 
waveform details. The text file export 
feature has been improved so that text
format data files up to one million sam
ples long can now be exported.

According to Alan Tong, Managing 
Director of Pico Technology, “This 
release will allow more of our customers 

to try out the PicoScope 6 software. It 
shows that we are committed to continu
ally improving our products and adding 
new features. Like all our software 
upgrades, this release is free of charge 
and comes with full technical support.”

PicoScope 6.0.12 is available for down
load now, free of charge, from the Pico 
Technology website at www.picot
ech.com. Call Pico on +44 (0) 1480 396 
395 for more details.

Microchip’s PIC18 LCD Microcontrollers
Microchip has announced six new mem

bers of its 8-bit PIC family featuring an inte
grated LCD module. The PIC18F85J90 
family doubles the amount of Flash and 
RAM memory available in 64- and 80-pin 
PIC18 LCD devices. This increased memory 
enables users to add more complex func
tions, such as speech playback.

Example applications for the new family 
include dashboard displays; handheld ter
minals; appliance display/control units; util
ity meters; home security systems and exer
cise equipment.

Additional features include: up to 32 
Kbytes of sef-programming Flash program

LED ‘FLUORESCENTS’
The Ronfell Group tell us that they have 

introduced LED ‘fluorescents’ and quote 
the following key facts:

Power saving 85%; glass or IK7 food 
safe shatterproof; no mercury; no WEEE 
directive costs; warm white to white; low 
wattage and 70,000 hours lifetime; no bal
last, starter or capacitor; same end caps and 
fitting; replace T8 and T12 2, 3, 4 and 5ft 
tubes; T5 replacements due soon.

For more details, contact Ronfell Group, 
Challenge House, Pagefield Industrial 
Estate, Miry Lane, Wigan, Lancs WN6 
7LA. Tel: +44 (0) 1942 492200. Fax: +44 
(0) 1942 492233. Email: ronfell @ron 
fell.com. Web: www.lightingequipment
news.com or www.ronfell.com. 

memory; up to 2 Kbytes of SRAM; enhanced 
LCD module supporting up to 192 pixels (4 
commons x 48 segments); software control
lable internal oscillator (32kHz to 8MHz); 
12 Channel, 100k samples-per-second 10- 
bit A-to-D converter; two analogue com
parators, with internal voltage reference.

All six members of the family are sup
ported by Microchip’s high-performance

Brunning’s PIC Training
Brunning Software have just released the 

professional beginners’ versions of their 
PIC training courses. Peter Brunning has 
rewritten Experimenting with PIC 
Microcontrollers so that the instructions 
relate to the Microchip assembler. This 
makes the professional version a little more 
difficult for beginners, but it is ideal for 
newcomers to PICs who have a profession
al reason for wanting to learn.

At the same time, the program- 
mer/experimental module, which is com
mon to all courses, has also been expand
ed. It now has two RS232 ports, one for 
control and one for experimental use, and 
a USB port for experimental use.

A USB adaptor with USB lead is now 
included as standard.

The PIC training course is £164 plus 
carriage. The PIC and Visual C# training 
course is £189 plus carriage.

For more information, contact 
Brunning Software, 138 The Street, Little 

development systems, including the 
MPLAB Integrated Development Envir
onment, MPLAB C18 C Compiler, 
MPLAB ICD 2 In-Circuit Debugger, the 
PICDEM HPC Explorer Board and the 
forthcoming PICDEM LCD 2 demo 
board.

For additional information, visit www. 
microchip.com/Icd.

Clacton, Clacton-on-Sea, Essex CO16 
9LS. Tel: 01255 862308.
Web: www.brunningsoftware.co.uk
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TECHNOBTALKMARK NELSON

Strange Bedfellows

Mark Nelson takes another look at some of the iconic brand names of the electronics 
industry, how they came into being and how fortune treated them

Do you remember the time not so 
long ago when almost every shop
ping centre had a Tandy shop? 
Maybe you scorned the tiny packs of penny 

resistors and capacitors that they sold for 
rather more than penny prices, but you 
must admit that Tandy was a handy shop to 
have on your doorstep when you needed a 
22k resistor or some 1A glass fuses at 
5.15pm on a Saturday afternoon. A chang
ing economic environment meant that 
Tandy shops are now a thing of the past, 
but the memory lingers on.

Tandy UK was a subsidiary of Radio 
Shack (USA), a store name that would not 
have struck a chord with most British peo
ple and, in any case, there was already an 
established amateur radio shop of the same 
name in West Hampstead, London. So the 
British (French and Belgian) businesses 
traded under the Tandy name, which was 
not named after two owners with the ini
tials T and Y (as some people thought). In 
fact, the electronics business was a rela
tively minor division of the Tandy Leather 
Company, that at one time was represented 
in the UK by Pearce Tandy Leathercraft of 
Northampton.

Friends disunited
The Hinckley-Tandy Leather Company 

was founded in 1919 in Fort Worth, Texas 
by two friends, who decided to go into 
business together selling leather soles, 
heels and shoelaces to shoe repair shops in 
the Fort Worth area. Following a disagree
ment in 1950, the business was divided into 
a Hinckley division, concentrating on show 
supplies, and the Tandy Leather Company 
that focussed on selling a broad range of 
leather goods through a chain of shops and 
by mail order.

Radio Shack was an entirely indepen
dent business, formed in Boston, 
Massachusetts back in 1921. It grew slow
ly at first, but was quick to cash in on the 
post-war hi-fi boom. By the early 1960s, 
Radio Shack had expanded to nine retail 
stores (plus a mail-order business) and was 
now a leading distributor of electronic 
parts and products. Charles Tandy, boss of 
Tandy Leather, was intrigued with con
sumer electronics and saw the small Radio 
Shack chain as an excellent opportunity for 
rapid growth. He bought the under-funded 
company in 1963 and it soon grew to a 
business with outlets all over the USA, 
doing particularly well from the CB radio 
and home computer booms.

Tandy’s expansion was, however, not so 
successful outside the USA, where the very 
US-centric product range did not go down 
so well. The Canadian operation has closed 

down and the stores in Britain ended up 
being sold to Carphone Warehouse in 
1999. Tandy’s French operations fell into 
bankruptcy, but apparently one store sur
vives in Belgium. Tandy entered the 
Australian market in 1973 and operated in 
competition with Dick Smith Electronics. 
In 2001 Woolworths Limited, which owns 
DSE, acquired Australian Tandy and 
merged the two operations.

Sounds familiar
Leather and electronic pastimes may 

sound like a strange connection but they 
shouldn’t! Back in those heady days of 
early home computers, when Tandy had a 
huge share of the US market and we were 
enjoying the Sinclair Spectrum, BBC 
Micro, Dragon 32 and the Tangerine, 
another leather company was eyeing 
Tandy’s success.

The Connecticut Leather Company had 
been founded in 1932, again to wholesale 
leather supplies to shoemakers. Spin-off 
operations included leather craft kits in the 
1950s and plastic wading pools in the 
1960s. The leather part of the business was 
sold off and the company renamed Coleco. 
It became a highly successful toy company 
in the 1980s on the back of its Cabbage 
Patch Kid dolls and to a lesser extent for 
some TV game consoles.

When this business had peaked, the firm 
looked to home computers for a new sales 
opportunity and in 1983 bought out the 
Coleco Adam, which you may remember. 
Unfortunately, the product stood little 
chance against the more established brands 
of computer and disappeared off the mar
ket two years later. The assets of Coleco 
were purchased in 1989 by Hasbro, but the 
Coleco brand was revived in 2006 to sell 
handheld consoles containing Master and 
Game Gear titles made by Sega.

More outlandish marriages
What’s the connection between electron

ic connectors, fruit bottling, model rail
ways and fireworks? You guessed? - a very 
bizarre one!

For 50 years, one of the most enduring 
(and robust) pattern of multiway connector 
in electronics has been the McMurdo red 
series, made of solid dark red plastic with 
chunky contacts. If the name is unfamiliar a 
quick glance at: www.in2connect. 
uk.com/c2/ uploads/red_range1.pdf will 
remind you. It turns out that the McMurdo 
Instrument Company was originally the 
British McMurdo Silver Company Ltd, 
founded in 1937 by Mr McMurdo Silver as 
a UK base for the manufacture of valve 
radios, using designs from US company 
McMurdo Silver Inc.

After the war, McMurdo’s main line of 
business was making moulded components 
for the electronic industry and they are still 
in business today. McMurdo entered the 
marine safety electronics market with the 
introduction of an emergency position indi
cating radio beacon conforming with inter
national Safety of Life at Sea regulations. 
Since then McMurdo has developed its 
own search and rescue transponder as well 
as its own product range of GMDSS VHF 
radios.

The connection with fireworks made 
sense. James Pain & Sons, a company trac
ing its origins back to 1670, was officially 
formed in Brixton, south London around 
1850 to manufacture fireworks and is still 
one of the top brands in retail rockets and 
roman candles. You can’t rely on 5th 
November for all-year-round sales, howev
er, and increasingly the firm expanded into 
commercial pyrotechnics. It merged in 
1965 with Wessex Aircraft Engineering 
Company, which made smoke generators 
to indicate wind direction for the War 
Office. The resulting Pains Wessex compa
ny by then belonged to the match people 
Bryant and May. The combination of Pains 
Wessex Safety Systems and McMurdo 
marine security electronics made a very 
good ‘match’.

Things are never static, however, and 
nine years after the acquisition of Pains 
Wessex Ltd in 1986 by the Chemring 
Group PLC, the new owner decided to 
divest itself of the McMurdo Electronics 
business and to retain its core pyrotechnic 
competencies. The connectors are now 
marketed by In2Connect of Alresford, 
Hants. and are still recommended for 
equipment such as ATM and vending 
machines, gaming equipment and industri
al control applications where larger gauge 
wires of up to 16awg are required.

So what’s the model railway connec
tion? By way of diversification, McMurdo 
also made plastic wagon kits for 00 scale 
model trains, sold under the Rex name by 
distributor ERG of Bournemouth. These 
were made not of polystyrene but from 
polymethyl methacrylate, an acrylic mate
rial known by the trade names of Perspex, 
Lucite and Diakon. Users were instructed 
to join the parts with liquid chloroform, 
which may or may not have affected their 
success. In this respect, McMurdo fol
lowed the same path as Graham Farish, 
who, after the last war, diversified from 
making radio components (and snap clo
sures for home bottling) into model rail
ways. But whereas Graham Farish 
dropped its other lines, McMurdo 
remained in electronics.
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PicoScope 5000 Series
The No Compromise 
PC Oscilloscopes

250 MHz bandwidth
1 GS/s real-time sample rate 

128 megasample record length

With class-leading bandwidth, sampling rate, memory depth and an array of advanced high-end features, the 
PicoScope 5000 PC Oscilloscopes give you the features and performance you need without any compromise.

V»
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The PicoScope 3000 Series of oscilloscopes from Pico Technology 
includes general purpose and high resolution models: With 12 bit 
resolution and 1% accuracy, the 10MHz PicoScope 3424 Is able to detect 
changes as small as 0.024% (244ppm) - making It the ideal 4-channel 
oscilloscope for analog design and analysis. The higher 
speed 8 bit models In the PicoScope 3000 
series feature sampling rates up to 
200MS/S and up to 1 MS/s record lengths * 
for general purpose and portable 
applications.

Arbitrary Waveform Generator
Define your own waveforms or select from 8 
predefined signals with the 12 bit. 125 MS/s 

arbitrary waveform generator.

Waveform Playback Tool
PicoScope software now 

allows you to go back, review, 
and analyse up to 1000 captures 

within its waveform playback tool.

Technology

to check out our full line of PC-based instruments or call 01480 396 395for information and a product catalogue

The PicoScope 2000 series oscilloscopes 
offer single and dual channel units 

that offer highly 
portable/low cost solutions to general purpose testing. The 
award winning 25MHz handheld PicoScope 2105 fits 
comfortably Into the palm of your hand yet still Includes 
the powerful features found in larger oscilloscopes.

In addition to the standard triggers the PicoScope 5000 scries comes as 
standard with pulse width, window, dropout, delay, and logic level triggering.

250 MHz Spectrum Analyser 
High-speed USB 2.0 Connection 

Automatic Measurements



This prototype unit differs 
slightly from the final version, 
which now also features a 
second headphone socket, so 
that two people can listen at 
the same time.

Studio Series - 
Headphone Amplifier
A Top-Class Unit For The Audio Enthusiast!

Here’s a top-class headphone amplifier that can drive high or 
low-impedance phones to full power levels, with very low noise 
and distortion. For best performance, it can be teamed with the 
Stereo Preamplifier described last month. Alternatively, it can 
be used as a standalone unit, requiring only a power supply 

and a volume control potentiometer for use with any line-level 
signal source (CD/MP3 player). It even includes dual outputs, so 

you can listen with a friend!
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MANY OF OUR HIGH-POWER 
audio amplifier designs already 
provide an output for headphones. 

The additional circuitry required for 
headphone support is simple; just two 
resistors in series with the loudspeaker 
outputs to limit the drive current and 
protect the phones in the event of 
amplifier failure.

Considering its simplicity, this re
sistive limiting scheme works well, 
although it will cause distortion if the 
load is non-linear - a likely prospect 
with most headphones. Apart from 
eliminating this potential source of 
distortion, there are a number of other 
reasons why you might consider build
ing a separate headphone amplifier.

For a start, not everyone owns a 
pair of top-rated headphones, or even 
a high-performance power amplifier. 
After all, an amplifier that equals or 
betters the performance of this new 
headphone amplifier will set you back 
more than a few pounds!

Another reason might be for use with 
the latest ‘high-tech’ audio electronics 
equipment. The headphone out
puts in much of this gear cannot drive 
low-impedance phones - or at least 
not to decent listening levels. In addi
tion, available output power in port
able devices is deliberately limited to 
conserve battery energy. This means 
that lots of distortion might be present 
at higher listening levels, even with 
sensitive headphones.

One way around this is to feed the 
line-level outputs of this gear into your 
power amplifier and then plug your 
low-impedance headphones into that. 
That works, but then you’re tethered 
to an immovable object. Besides, the 
power required to drive headphones 
is around 1/1000th of that required to 
drive loudspeakers, so a large power 
amplifier could be considered a tad 
oversized for the job!

Design outline
One of the challenges in designing 

a general-purpose, low-distortion 
headphone amplifier is catering for the 
huge variation in headphone specifi
cations. Models with 8” (nominal) 
impedance are common, as are 32”, 
60”, 120” and 600” versions - plus 
many in between.

At the high impedance end of the 
scale, a large output voltage swing 
will be necessary to develop full 
power, whereas at the low end, current 
limiting is needed to prevent driver

Features and Performance

Main Features
• High performance - very low noise and distortion
• Drives high and low-impedance headphones
• High output power (up to 200mW into 8” and 32”)
• Dual headphone sockets - can drive two pairs!
• Works with a preamp or any line-level audio source

Measured Performance
Frequency response..........................flat from 10Hz to 20kHz (see graphs)
Rated output power................. 200mW into 8” and 32”, 85mW into 600”
Max. output power (current or voltage limited)...................575mW into 8”,

700mW into 32”, 130mW into 600”

Harmonic distortion................................... typically 0.0005% (600” load),
0.001% (32” load) and 0.005% (8” load)

Signal-to-noise ratio (A-weighted).............. -130dB (600”), -120dB (32”)
and -111dB (8”) with respect to 100mW output power.

Channel crosstalk.........................better than - 68dB from 20Hz to 20kHz
at 100mW output power (see graphs)

Input impedance............................................................... ~47k” || 47pF

Output impedance.............................................................................~5”

Note: all tests were performed with the amplifier driven from low source 
impedance. For crosstalk measurements, the non-driven input was back- 
terminated into 600”.

Fig.1: these plots of distortion versus frequency at 100mW highlight the 
impedance non-linearity of a real pair of 8” headphones. When driven 
directly from the low-impedance headphone amplifier output, performance 
is very good (bottom curve), as the amplifier’s feedback loop can act to 
linearise the signal. However, when isolated with a 47” series resistor (top 
curve), the headphone’s non-linearities are immediately exposed!
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Parts List - Stereo Headphone Amplifier

1 PC board, code 662, size 
134 x 103mm

2 PC mount switched RCA 
phono sockets (CON1, CON2)

2 6.35mm PC mount switched 
stereo sockets (CON3, 
CON4)

1 3-way 5mm/5.08mm terminal 
block (CON5)

1 8-pin gold-plated IC socket
4 TO-126/TO-220 micro-U 

heatsinks
4 M205 PC mount fuse clips
2 M205 500mA fast-blow fuses
4 M3 x 10mm tapped spacers
4 M3 x 6mm pan head screws
4 M3 x 10mm pan head screws
4 M3 nuts and flat washers
2 11.8mm ID plastic bobbins
1 2-metre length of 0.63mm 

enamelled copper wire
1 120mm length of 0.7mm tinned 

copper wire (for links)

Semiconductors
1 OPA2134PA dual FET-input op 

amp (IC1) (Farnell 791-039)
2 BC557 PNP transistors (Q1, Q5)
2 BC547 NPN transistors (Q3, Q7)
2 BD139 NPN transistors (Q2, Q6)
2 BD140 PNP transistors (Q4, Q8)
4 3mm red LEDs (LED1-LED4) 

- see text
12 1N4148 diodes (D1-D12)

or headphone burnout at abnormally 
high volume settings.

Another consideration is headphone 
impedance variation with frequency. 
While distortion due to this effect 
can be minimised with low amplifier 
output impedance, this requirement 
would seem less important than when 
driving loudspeakers. We’re also aware 
that some manufacturers are produc
ing models that have virtually flat 
impedance curves over the audio 
spectrum and so will be unaffected by 
an amplifier’s output impedance. In 
fact, international standard IEC 61938 
specifies that headphones should be 
driven by a 120W source, regardless 
of headphone impedance.

Alas, it seems unlikely that all 
headphones will exhibit the ideal ‘flat’ 
(purely resistive) impedance response. 
To test this theory, we drove a pair of 
reasonable quality 8W headphones first

Capacitors
2 470mF 25V PC electrolytic
4 100mF 16V PC electrolytic
2 10mF 35V/50V non-polarised 

PC electrolytic (max. 6.3mm 
diameter)

6 100nF 50V MKT polyester
2 47nF 100V polyester film 

(greencap)
2 1.2nF 50V MKT polyester
2 100pF 50V ceramic disc
2 47pF ceramic disc

Resistors (0.25W, 1%)
2 47kW 41kW
2 7.5kW 8 100W
8 4.7kW 2 47W 1W 5%
2 1.2kW 2 10W 1W 5%
2 2kW 4 4.7W 0.5W 1%

Additional items
2 RCA plugs
Shielded audio cable
1 50kW dual-gang log pot (for 

standalone use)
2 panel-mount RCA sockets (for 

standalone use)

For power supply upgrade
2 tO-220 micro-U heatsinks
2 M3 x 6mm pan head screws
2 M3 nuts and flat washers

Reproduced by arrangement with 
SILICON CHIP magazine 2008.

www. siliconchip .com.au

from a low-impedance (5W) source and 
then added a 47W series resistor. The 
results are presented in Fig.1.

Sensitive level
The maximum amplifier output 

power needed to produce the desired 
volume level depends on another wide
ly varying parameter: headphone sen
sitivity. Modern dynamic headphones 
are very efficient, typically producing 
90-100dB SPL (sound pressure level) 
per milliwatt of input, with many 
reaching full volume with just a few 
milliwatts. To cater for varying sensi
tivity levels, commercial headphone 
amplifiers are typically rated at be
tween 10mW and 100mW, or more.

Unfortunately, the impedance rat
ing of a headphone pair is not neces
sarily related to its sensitivity, so a 
general-purpose amplifier design will 
ultimately be a compromise. It must 

generate sufficient volume when driv
ing low-sensitivity, low-impedance 
phones, but may well overdrive high- 
sensitivity and/or high-impedance 
models at high volume settings. It must 
also remain stable when driving vary
ing impedances, and be able to develop 
full power into 8W units.

Updated and uprated
Although the heart of this design still 

relies on the old boosted op amp idea, it 
includes a number of improvements to 
significantly boost power handling and 
performance as well. In addition, we’ve 
carefully designed the PC board layout 
to minimise distortion and crosstalk.

The result is a unit that clearly out
performs our previous designs in all 
areas, yet is still relatively inexpensive 
and easy to build. Let’s look at the 
circuit in more detail.

Circuit description
The amplifier consists of two identi

cal circuits, labelled ‘left’ and ‘right’ 
to represent the stereo audio channels. 
To reduce clutter, the circuit diagram 
(Fig.2) shows only the left channel. 
Bracketed annotations refer to the 
right channel.

Note that some components are 
common to both channels, including 
the power supply input connector 
(CON5), fuses (F1, F2), filter capaci
tors and headphone output sockets 
(CON3, CON4).

An RCA phono socket (CON1) 
accepts the audio signal, which is 
AC-coupled to the circuit via a 10mF, 
non-polarised (NP), capacitor and ter
minated with a 47kW resistor. A 100W 
resistor and 47pF capacitor form a 
simple RF filter, after which the signal 
is fed into the non-inverting input of 
an op amp (IC1a).

In common with the Studio Series
Stereo Preamplifier, we’ve used an 
OPA2134 audio op amp here for best 
performance. These op amps have ex
cellent load-handling characteristics, 
with the ability to drive loads down to 
600W while producing very low distor
tion. Of course, this falls far short of 
our 8W load requirement, so a current 
booster stage has been added between 
the op amp and the amplifier output.

As mentioned earlier, the booster 
stage is based on a pair of medium
power transistors (Q2, Q4) connected 
in a complementary emitter-follower 
configuration. Let’s look at the positive 
(uppermost) half of the circuit first.
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Fig.2: the circuit is based on an 
OPA2134 high-performance audio 
op amp (IC1), which drives a 
complementary emitter-follower 
output stage. This significantly 
boosts the amplifier’s output current 
capability and therefore its maximum 
power output. Only the left channel 
is shown here - the right channel is 
identical.

Current source
Transistor Q1, a red LED and a 100W 

resistor form an active current source. 
With about 1.8V across LED1, close to 
10mA flows in Q1’s collector (C) circuit 
and this is used to drive the base (B) 
of output transistor Q2. Of note here 
is the choice of LED type; it must be 
red in colour and must not be a high- 
brightness type - just a standard 3mm 
type. The device we used exhibits the 
desired forward voltage (1.8V) at the 
programmed current. Similar types 
may also be suitable.

A current source greatly improves 
the amplifier’s supply rail rejection 
when compared to the simpler re
sistive biasing that could have been 
used here. Further improvements 
can be seen in the base circuit of Q1, 
where we’ve split the usual single bias 
resistor into two 4.7k halves and 
added a 100mF filter capacitor to the 
centre point, again improving ripple 
rejection. Note that the use of an LED 
instead of the more traditional diodes 
in this instance is really just for con
venience, although it does provide a 
useful visual indication of operation.

In the quiescent (no input signal) 
state, most of the current flows into 
the op amp’s output terminal (pin 1) 
via diode D5. This diode compensates 
for the base-emitter voltage of Q2, to 
minimise crossover distortion.

In practice, the forward voltages of 
D5 and Q2 will not be equal. Typically, 
the transistor will have a slightly lower 
forward voltage, so several milliamps 
(typically around 15 to 20mA) will 
flow in the emitter circuit of Q2 in the 
quiescent state. A 4.7W resistor adds 
a measure of stability to the emitter
follower configuration.

The other half of the circuit (Q3, 
LED2, D6 and Q4) is powered from the 
negative supply rail and operates in a 
complementary fashion, with the out
put transistor conducting on negative, 
rather than positive half-cycles.

Diodes D1 to D4 add output cur
rent limiting and prevent large

Everyday Practical Electronics, March 2008 15



IMPORTANT: INSTALL WIRE LINKS IN PLACE OF 
D2, D4, D8 & D10 WHEN DRIVING HEADPHONES 

WITH AN IMPEDANCE RATING GREATER THAN 80.
PRIMARY 

HEADPHONE 
OUTPUT

SECONDARY 
HEADPHONE 

OUTPUT

TO PREAMP 
JACK SWITCH 

INPUT

Fig.3: follow this parts layout diagram closely when assembling the headphone amplifier. 
Be careful not to mix up the different transistor types and double-check the orientation of 
the diodes, LEDs and polarised electrolytic capacitors before applying power.

reverse voltages from appearing 
across the circuit during a short
circuit condition. All four diodes 
are installed for operation into 8W

M3 
NUT

FLAT 
WASHER

'MICRO-U' 
HEATSINK

TRANSISTOR

METAL AREA 
(COLLECTOR) 

ON THIS 
SIDE

Fig.4: here’s how to assemble the 
heatsinks to the output transistors, 
which must be done before fitting 
the transistors to the board. Make 
sure that the metal face of each 
transistor mates with the heatsink 
and be sure to smear both mating 
surfaces with heatsink compound. 

headphones, giving a maximum 
output current of about two diodes 
drops (2 x 0.7V) divided by the 
emitter resistance (4.7 ). For higher 
impedance headphones, two of the 
diodes in each channel must be 
replaced with wire links, halving 
the maximum current and therefore 
reducing the chances of accidental 
headphone damage.

The amplifier’s output signal is 
picked off at the junction of the two 
4.7W emitter resistors and fed back to 
the inverting input (pin 2) of op amp 
IC1a via resistor R1. Including the 
output circuit in the op amp’s feedback 
loop has two important advantages. 
First, it allows the op amp to servo 
the output to near 0V with no input 
signal, accounting for mismatches 
in the complementary halves of the 
circuit. It also results in an overall 
improvement in linearity and reduces 
crossover distortion.

Resistors R1 and R2 set the amplifier 
gain in the usual manner, giving a gain 
of +2 (1+ R1/R2) with the 1kW values 
shown. This is suitable for use with a 
preamplifier and/or when driving 8W 
headphones (see the ‘Tweaking Your 
Headphone Amplifier’ panel for other 
options).

In conjunction with R1, the 1.2nF 
capacitor (C1) in the feedback path 
rolls off amplifier frequency response 
above the audio spectrum.

Finally, an RLC network at the 
output isolates the amplifier from 
headphone reactance and ensures 
stability under all conditions. The 
low impedance of the inductor (L1) at 
audio frequencies also allows the am
plifier to drive difficult loads (down 
to 8W) with very good results. We’ve 
used air-cored inductors to avoid 
the signal distortion that would be 
introduced by ferrite and iron-cored 
alternatives.
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Here’s what a completed inductor 
looks like (you need two), prior to 
scraping off the enamel insulation and 
tinning the leads.

Assembly

LEDs, make sure that you have the flat 
(cathode) side of the body oriented as 
drawn on the overlay.

IC1’s socket, the four fuse clips, tran
sistors Q1, Q3, Q5 and Q7, the capaci
tors and connectors CON1 to CON5 
can all go in next. Take care not to mix 
up the two types of transistors (BC547, 
BC557), and note that the 100pF and 
470pF electrolytic capacitors are polar
ised and must be installed with their 
positive leads oriented as indicated by 
the ‘+’ marking in Fig.3.

All that now remains to be installed 
are the 1W resistors, the output transis
tors and their heatsinks and the two 
inductors. The transistors and induc
tors require special attention, so fit the 
1W resistors first. The two 47W units 
are positioned in the inductor ‘centres’ 
and therefore must be mounted verti
cally, rather than horizontally.

Table 1: Capacitor Codes
Value uF Code EIA Code IEC Code
100nF 0.1 pF 104 100n
47nF .047pF 473 47n
1.2nF .0012pF 122 1n2
100pF NA 100 100p
47pF NA 47 47p

Transistor installation
The four output transistors (Q2, Q4, 

Q6 and Q8) are fitted with ‘micro-U’ 
style heatsinks before installation. To 
do this, apply a thin smear of heatsink 
compound to the rear (metal) face of 
each transistor, as well as the mating 
surface on each heatsink (do not use 
insulating washers). Affix each tran
sistor to its heatsink using an M3 x 
10mm screw, nut and flat washer (see

Assembly is quite straightforward, 
with all parts mounting on a 134 x 
103mm single-sided PC board (code 
662). Fig.3 shows the details.

Begin by installing the 10 wire links, 
then install the 1N4148 diodes (D1 to 
D12). Note that D2, D4, D8 and D10 are 
only installed if you intend using the 
amplifier with 8W headphones. For all 
higher impedance phones, install wire 
links in these four locations instead 
(see the ‘Tweaking Your Headphone 
Amplifier’ panel).

Make sure that the cathode (banded) 
ends of the diodes are oriented as 
shown on Fig.3.

The 0.25W and 0.5W resistors and 
LEDs (LED1 to LED4) can be installed 
next. Use wire links for R3 and R6 if 
you’ll be feeding your amplifier from 
a preamp. Conversely, install 2kW val
ues in these two locations if you’ll be 
feeding it from a line-level source via a 
50kW volume pot. When inserting the

: Resistor Colour Codes

This is the prototype
Headphone Amplifier. The final 
version includes a second headphone 
socket and has a few other minor changes.

Table 2

o No. Value 4-Band Code (1%) 5-Band Code (1%)
o 2 47kW yellow violet orange brown yellow violet black red brown
o 2 7.5kW violet green red brown violet green black brown brown
o 8 4.7kW yellow violet red brown yellow violet black brown brown
o 2 1.2kW brown red red brown brown red black brown brown
o 2 2kW red black red brown red black black brown brown
o 4 1kW brown black red brown brown black black brown brown
o 8 100W brown black brown brown brown black black black brown
o 2 47W yellow violet black gold not applicable
o 2 10W brown black black gold not applicable
o 4 4.7W yellow violet gold brown yellow violet black silver brown
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Tweaking Your Headphone Amplifier

FOR THE BEST listening experi
ence, the headphone amplifier 
can be fed from the Studio Series 

Stereo Preamplifier described last 
month. With this combination, a 
pair of top-quality 32W (or higher) 
impedance headphones will provide 
superb performance.

Good results can also be obtained 
with 8W headphones or even two 
pairs of 32W (or higher) units, if you 
want to share the experience. In ad
dition, the headphone amplifier can 
be operated ‘standalone’, where it 
connects directly to a line-level signal 
source (no preamp required). Let’s 
see how to get the best performance 
in each case.

Using 8W headphones
Considerable efforts were made 

to ensure that the amplifier drives 
8W headphones with low distortion. 
To ensure you get the same results, 
all eight limiting diodes (D1-D4 and 
D7-D10) must be installed when 
driving 8W headphones! For higher 
impedance phones, wire links are 
used in place of D2, D4, D8 and 
D10 only.

What if you own both 8W and 32W 
(or higher) impedance phones and 
you want to use all of them with the 
headphone amplifier - without mak
ing changes to the board? Well, while 
32W (or higher) headphones can 
be plugged into an amplifier that’s 
configured for 8W use, you need to 
be aware of the potential risks. The 
amplifier is capable of delivering 
over 1W into 32W in this case, which 
is potentially destructive for head
phones, your hearing and ultimately 
the amplifier as well!

By the way, we do not recommend 
increasing the amplifier gain (see 
‘Boosting volume’) when driving 8W 
headphones, as this will cause an 
unavoidable increase in harmonic 
distortion. With the default signal 
gain of 6dB, only about 630mV 
RMS is required at the input to de
velop the full 200mW into 8W, hence 

increasing gain for typical line-level 
signals is pointless.

Boosting volume
Using the component values 

shown on the circuit and overlay 
(Fig.2 and Fig.3), the headphone 
amplifier operates with a voltage 
gain of two (6dB), which is more than 
adequate when the unit is fed from 
a preamplifier. It should also work 
fine when driving 8W headphones, 
regardless of the audio source.

However, if you want to connect 
the unit directly to a line-level source 
via a volume pot (see ‘Standalone 
use’ below) and you’ll be using 32W 
or higher impedance phones, then 
you may find that the volume is not 
loud enough, even with the controls 
wound right up.

If after building and testing the 
amplifier you find that more volume 
is required, then the amplifier gain 
can be increased to 7.2 (17dB) to 
allow the full rated output power to 
be realised in all cases with a 1V RMS 
input signal. To increase the gain, use 
the following component values in 
place of those shown on the circuit 
and overlay diagrams: R1 and R4 = 
7.5kW, R2 and R5 = 1.2kW and C1 
and C2 = 100pF.

One negative aspect of increasing 
amplifier gain is an accompanying 
increase in harmonic distortion. 
Nevertheless, performance is still 
excellent, with 0.0004% THD when 
driving 600W and 0.004% when driv
ing 32W headphones, measured at 
the full rated output power.

Standalone use (no preamp)
When feeding the amplifier directly 

from a line-level source, some meth
od of volume control will usually be 
required. This is easily provided with 
a 50kW dual-gang log potentiometer, 
inserted in series with the inputs to 
the amplifier (see Fig.5).

One disadvantage of this scheme 
is that op amp source impedance 
varies with changes in volume, 

resulting in higher signal distortion. 
To offset this effect somewhat, 2kW 
values can be used for resistors R3 
and R6.

Accounting for feedback resist
ance, the inverting input will then 
see about 2.5kW (R1||R2 + R3), 
assuming the default 1kW values 
were used for the feedback resistors. 
The result is improved matching at 
the non-inverting input at nominal 
volume settings.

Note that the same 2kW values 
can be used for R3 and R6 when the 
amplifier is configured for the higher 
17db gain option (see ‘Boosting 
volume’). In this case, the inverting 
input will see about 3kW.

We acknowledge that the 2.5kW to 
3kW values are only a rough estima
tion, as the real source impedance 
can vary anywhere from about 100W 
to 10kW. Considering headphone 
sensitivity variation, it would appear 
to be impossible to establish a ‘typi
cal’ volume setting.

Important: when feeding your 
headphone amplifier from a pre
amplifier or other low-impedance 
source, resistors R3 and R6 must 
be 0W in value - use wire links!

Dual outputs
The headphone amplifier includes 

dual 6.35mm output sockets, allow
ing simultaneous connection of two 
pairs of headphones. Two important 
rules must be followed when us
ing both sockets at once: (1) the 
headphones must be of the same 
nominal impedance rating; and (2) 
the impedance ratings must be 32W 
or higher.

Many listeners will prefer to set 
their own volume levels and this can 
be catered for by using headphones 
with in-line volume controls. Separate 
volume control boxes are also avail
able from specialist audio outlets.

Note that although the sockets 
are connected in parallel, the jack 
switch output connects to the first 
(primary) socket only, so this socket 
will control the headphone/power 
amplifier signal routing relay on the 
Studio Series Preamplifier.

Fig.4), allowing just enough slack 
so that the transistor and mounting 
screw can move up and down in the 
heatsink slot.

Insert a transistor into its holes in the 
PC board (don’t mix up the two types), 
pushing it all the way home, so that the 
mounting screw is all the way down in 

the heatsink slot and the edge of the heat
sink is in full contact with the board sur
face. If you can’t achieve this, then you’ve 
fitted the heatsink upside down!
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RIGHT CHANNEL 
UNE-LEVEL 

INPUT

TO HEADHONE 
AMPUFIER 

RIGHT INPUT

GANGED 
VOLUME CONTROL 
POTENTIOMETERS

Fig.5: a potentiometer can be inserted in series with 
the input signals to function as a simple volume 
control. The metal body of the pot must be connected 
to chassis earth, otherwise mains hum will be 
introduced into the amplifier inputs.

Without disturbing the transistor/heatsink assembly, 
turn the board over and solder the transistor leads. The 
mounting screw can now be carefully tightened. Don’t 
overdo it; applying too much torque will disturb the 
package/heatsink position!

Winding the inductors
The two inductors (L1, L2) are hand-wound. Each re

quires a plastic bobbin, about 1m of 0.63mm enamelled 
copper wire and electrical insulation tape. Some kit sup
pliers might provide these items preassembled, in which 
case you can skip the following instructions.

The insulation tape is needed to hold the windings in 
place while the assembly is fitted to the PC board. Gen
eral-purpose tape will be wider than the bobbin, but can 
easily be made to fit by slicing off the unneeded width 
with a razor blade. Stick the tape down on a smooth, clean 
surface first to make the job easier.

Play out the wire before beginning and remove any kinks. 
Starting at one of the slots, wind on one complete layer, keep
ing the wire taut as you go. With one complete layer in place, 
start winding back over the first layer. In all, 21 turns are 
required, but you’ll need an extra half-turn so that the wire 
exits at the opposite slot to the starting end (see photo).

Wind on two or three turns of insulation tape to hold 
the windings in place. Finally, scrape the enamel insu
lation off the ends of the two leads and tin them before 
mounting the inductor on the PC board.

Hook-up
For best results, the amplifier should be powered from 

the low-noise power supply described last month as

Fig.6: amplifier total harmonic distortion and noise versus 
output power into 8W, 32 and 600W resistive loads.
When driving 8W and 32W loads, the current-limiting 
diodes begin to conduct around the 200mW mark, causing 
a gradual increase in distortion. Once the diodes are 
fully forward-biased, the output current is aggressively 
clamped, resulting in an almost vertical rise in distortion. 
For the 600W case, the amplifier abruptly runs out of 
voltage headroom at about 130mW and hard clipping is 
the result.

Fig.7: amplifier total harmonic distortion (THD) and noise 
versus frequency, measured with an output power level 
of 100mW. As is clear from these curves, the amplifier 
performs much better when driving 32W and higher 
impedance headphones. Most headphones will reach full 
output well below 100mW, so you can expect even better 
performance than these already excellent curves reveal!

part of the Studio Series Preamplifier. Even if you decide 
to use a different supply, the guidelines in that article 
regarding mains wiring, housing and general layout also 
apply here.

An additional step when using the low-noise supply with 
this amplifier is to fit small heatsinks to the ±15V regulators 
(see parts list). Apply a thin smear of heatsink compound to 
the mating surfaces during assembly, to aid heat transfer.

We’ll assume that you’ve already assembled and tested 
the power supply. All that remains is to hook up the am
plifier’s power and signal inputs.
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Fig.8: this graph plots the amplifier output voltage versus 
frequency when driven at 200mW into 8W, 32 and 600W 
loads and with 6dB of gain. As can be seen, the response 
is ruler flat over the audio spectrum, gently rolling off at 
the top end at a rate dependent on the feedback network 
and output loading.

AUDIO PRECISION SCCRSTK XTALK(dBr) & XTALK(dBr) vs FREO (Hz)

Fig.9: this is the crosstalk, again measured for 8W, 32W and 
600W loads. Some of the coupling is due to the commoning 
of the headphone left and right return (ground) leads at 
the jack plug. The results (although good) would be better 
if the headphones used 4-contact jacks, thus allowing 
separate grounds for the left and right channels.

Connect the +15V, -15 V and GND 
outputs of the supply to the headphone 
amplifier’s power inputs at CON5, 
using medium-duty, multi-strand 
hook-up wire. Twist the wires tightly 
together to reduce noise and improve 
appearance. Take great care to ensure 
that you have all of the connections cor
rect - a mistake here will destroy many 
components on the amplifier board!

Boxing-up
When installing the unit in a case 

with a preamp module, the head
phone amplifier must not be sepa
rately earthed - only the preamp 
board should be earthed. However, if 
you’re building a standalone unit (no 
preamp), then the headphone ampli
fier’s common (GND) rail should be 
connected to chassis earth.

This is achieved by running a wire 
from the pad marked ‘EARTH’ on the 
amplifier board to the main chassis 
earth point. Do not connect any other 
part of the circuit or power supply to 
chassis earth (except the volume pot, 
see below).

For a standalone unit, the volume 
pot can be wired up next. Use a dual
gang, 50kW logarithmic type, con
nected with audio-quality shielded 
cable (see Fig.5). The cable may be 
terminated with panel-mounted RCA 
phono sockets on the signal input 
side and RCA phono plugs on the 
output side, which are then plugged 
into the RCA inputs on the amplifier 
board.

Caution!
Continual exposure to very high noise levels (including loud music) will cause hearing loss and can cause tinnitus. Hearing loss is cumulative, gradual and almost symptomless!
The metal body of the pot must be 

connected to chassis earth to reduce 
noise pickup. Do not connect the 
body to either of the shielded cables! 
Normally, the front panel will provide 
the necessary earth connection. If 
it doesn’t, then connect the pot to a 
convenient chassis earth point using 
hook-up wire. Note that solder won’t 
adhere to the nickel plating on the pot, 
so remove a small area of the plating 
with an ink rubber or scouring pad 
prior to tinning.

When used with a preamp, the addi
tional volume pot is not needed. Instead, 
you simply wire the switched headphone 
outputs on the preamp to phono plugs us
ing audio-quality shielded cable. These 
then plug into the phono sockets on the 
headphone amplifier.

In addition, the ‘JACKSW’ output 
of the headphone amplifier must be 
wired to the ‘SWITCH’ input on the 
preamp board. This connection will 
allow the preamp to reroute the audio 
signal from the power amplifier out
put to the internal headphone output 
when a headphone jack is inserted in 
its socket. Leave the ‘GND’ terminal on 
CON7 of the preamp disconnected.

Testing
To check your completed amplifier, 

install the fuses and power up. The 
four LEDs should immediately light up 
- if not, switch off quickly and check 
for serious cabling or board assembly 
problems. If only one LED doesn’t 
light, then the problem is at least 
restricted to the associated current 
source/sink part of the circuit.

If all LEDs light as expected, then 
use your multimeter to measure the 
voltage between each output and 
ground. These points are conveniently 
accessible at one end of the 10W 1W 
resistors. If all is well, your meter 
should read within ±2mV of 0V.

Next, measure the voltage drop 
across each of the 4.7W emitter resistors 
(situated adjacent to the heatsinks). All 
should measure between about 0V and 
100mV, representing a maximum emit
ter current of about 21mA. Note that 
this measurement assumes the transis
tors are idling at room temperature. The 
reading may be higher if the amplifier 
has been in recent use and the output 
transistors have warmed up.

OK, we’re done. Now for the best 
part - the listening test - Enjoy! EPE

PLEASE NOTE
Stereo Preamplifier (Feb ’08) 

Page 27, Parts List. The last entry 
under ‘Additional items’: The value 
of the X2 type suppression capacitor 
should be 1nF 250V AC. The power 
supply circuit (Fig.4) is correct.
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Learn About Microcontrollers

P928 PIC Training Course £164
The best place to begin learning about microcontrollers is the PIC16F627A.This is 

very simple to use, costs just £1.30, yet is packed full of features including 16 
input/output lines, internal oscillator, comparator, serial port, and with two software 
changes is a drop in replacement for the PIC16F84.

Our PIC training course starts in the very simplest way. At the heart of our system 
are two real books which lie open on your desk while you use your computer to type 
in the programme and control the hardware. Start with four simple programmes. Run 
the simulator to see how they work. Test them with real hardware. Follow on with a 
little theory.....

Our PIC training course consists of our PIC programmer, a 306 page book teach
ing the fundamentals of PIC programming, a 262 page book introducing the C 
language, and a suite of programmes to run on a PC.The module uses a PIC to han
dle the timing, programming and voltage switching.Two ZIF sockets allow most 8, 18, 
28 and 40 pin PICs to be programmed. The programming is performed at 5 volts, ver- 
fied with 2 volts or 3 volts and verified again with 5.5 volts to ensure that the PIC works 
over its full operating voltage. UK orders include a plugtop power supply.

P928-BU PIC Training & Development Course comprising....
Enhanced 16C, 16F and 18F PIC programmer module
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with PIC C
+ PIC assembler and C compiler software on CD
+ PIC16F627A, PIC16F88, PIC16F870 

and PIC18F2321 test PICs
+ USB adaptor and USB cable.................. £164.00
(Postage & insurance UK £10, Europe £18, Rest of world £27)

Experimenting with PIC Microcontrollers
This book introduces PIC programming by jumping straight in with four 

easy experiments. The first is explained over ten and a half pages assuming 
no starting knowledge of PICs. Then having gained some experience we 
study the basic principles of PIC programming, learn about the 8 bit timer, 
how to drive the liquid crystal display, create a real time clock, experiment 
with the watchdog timer, sleep mode, beeps and music, including a rendi
tion of Beethoven's Fur Elise. Then there are two projects to work through, 
using a PIC as a sinewave generator, and monitoring the power taken by 
domestic appliances. Then we adapt the experiments to use the PIC16F877 
family, PIC16F84 and PIC18F2321. In the space of 24 experiments, two pro
jects and 56 exercises we work through from absolute beginner to experi
enced engineer level using the most up to date PICs.

Experimenting with PIC C
The second book starts with an easy to understand explanation of how to 

write simple PIC programmes in C. Then we begin with four easy experi
ments to learn about loops. We use the 8/16 bit timers, write text and vari
ables to the LCD, use the keypad, produce a siren sound, a freezer thaw 
warning device, measure temperatures, drive white LEDs, control motors, 
switch mains voltages, and experiment with serial communication.

Web site:- www.brunningsoftware.co.uk

PH28 Training Course £189
PIC training and Visual C# training combined into one 
course. All the features of the P928 course with an 
extra book teaching about serial communication.

The first two books are the same as the P928. The third 
book starts with very simple PC to PIC experiments. We 
use PC assembler to flash the LEDs on the programmer 
module and write text to the LCD. Then we learn to use 
Visual C# on the PC. Flash the LEDs, write text to the 
LCD, gradually creating more complex routines until a full 
digital storage oscilloscope is created.

PH28-BU PIC & Visual C# Course comprising....
Enhanced 16F and 18F PIC programmer module
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with PIC C
+ Book Experimenting with Serial Communication
+ PIC assembler, PC assembler

and PIC C compiler software on CD
+ PIC16F627A, PIC16F88, PIC16F870 

and PIC18F2321 test PICs
+ USB adaptor and USB lead.......£189.00 

(Postage & ins UK £10, Europe £20, Rest of world £34)

Professional Beginners
These courses are the same as above except that we 
have rewritten Experimenting with PIC Microcontrollers 
so the instruction relates to the Microchip assembler. 
This makes the course slightly more difficult but is ideal 
for beginners with a professional interest. Order codes 
P928-MU and PH28-MU. See our website for details.

Ordering Information
Our PIC courses are supplied with a USB adaptor and 
USB lead as standard (option -U) but can be supplied 
with an RS232 COM lead if required (option -S). All soft
ware referred to in this advertisement will operate with
in Windows XP, NT, 2000, Vista etc (For Windows 98, 
ME or DOS order P928-BS £159+pp).

Telephone with Visa, Mastercard or Switch, or send 
cheque/PO. All prices include VAT if applicable.

White LED and Motors
Our PIC training system uses a very practical approach. 

Towards the end of the second book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs.

We use a PIC16F627A as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 
of parts can be purchased (£31) to build the circuits using the white 
LEDs and the two motors. See our web site for details.

Mail order address:

138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308

http://www.brunningsoftware.co.uk


PRACTICALLY SPEAKING
Robert Penfold looks at the Techniques of Actually Doing It!

<___________________________________________________________________________________ /

AN ever increasing amount of jargon 
seems to be an inevitable part of mod

ern life. Jargon is helpful for those ‘in the 
know’, as it avoids the need for repetitive 
explanations, making communication 
quicker and easier. Unfortunately, it can 
also act as a barrier to newcomers, who 
find themselves faced with unfamiliar 
nomenclature and terminology.

Electronics is certainly not short of jar
gon, but it is rather less loaded down with 
gobbledygook than many other aspects of 
modern technology and life. As yet, ‘new
bies’ are not faced with endless acronyms, 
and they do not learn to ‘surf the circuit 
board’, or anything similar. Inevitably 
though, there is still a certain amount of 
essential terminology for beginners to 
learn, including some acronyms. In this 
month’s article we will consider some of 
the terms that tend to confound newcomers 
to the hobby.

Poles apart
Capacitors are relatively simple compo

nents that perhaps have more than their fair 
share of names and terms, which can cause 
a certain amount of confusion. As an 
example, what is the difference between a 
polarised capacitor and an electrolytic 
type? At times they seem to be used as dif
ferent words to describe the same thing, 
but there is a difference. An electrolytic 
capacitor is an example of a polarised 
capacitor, but there are other types of 
capacitor that are polarised, such as the 
tantalum variety.

A polarised capacitor is one that only 
operates properly if it is subjected to a 
voltage of the correct polarity. In practice, 
this means that it will only work if it is 
connected the right way round, and an 
electrolytic capacitor will only work prop
erly if the circuit is designed to use a 
polarised component.

Always make sure that a polarised 
capacitor is fitted the right way round, 
since the component could fail in spectac
ular fashion if it is not. Be especially care
ful with the larger and higher voltage 
types. Connecting one of these incorrectly 
could result in it bursting with a fair 
amount of force, which could obviously 
be dangerous.

Never use a polarised capacitor if the 
components list specifies some form of 
non-polarised capacitor. Doing so virtually 
guarantees that the circuit will refuse to 
work.

In theory, there is no problem in using 
an ordinary capacitor instead of a polarised 
type, but the situation is rather different in 
the real world. Polarised capaitors are 
mainly used where high values are 
required, and non-polarised types of suit
able value tend to be either extremely large 
and expensive, or simply unavailable.

It is not a good idea to use an electrolyt
ic capacitor where a components list 

specifies a tantalum type. Tantalum capac
itors are superior to normal electrolytic 
types in several respects. They generally 
have closer tolerances, much smaller leak
age currents, and better performance at 
high frequencies. There should be no prob
lem if a tantalum type is used in place of an 
electrolytic capacitor, but it would be 
somewhat over specified.

Capacitors are often described as some
thing like ‘polyester’, ‘Mylar’, or ‘ceram
ic.’ A capacitor is basically just two metal 
plates separated by a thin layer of insula
tion called the ‘dielectric’, and the name 
applied to these components simply indi
cates the material used as the dielectric. 
This is not just of academic importance, 
since there is no perfect dielectric. Real- 
world capacitors have good performance 
in some respects, but are relatively weak in 
others. The circuit designer chooses a type 
that is well suited to that particular appli
cation, and it is unwise to use a different 
type unless you know what you are doing.

Fig. 1. The term DIL is mostly used to describe integrated circuits 
(Cs), such as this 40-pin example (bottom left). However, it can 
be applied to other components, such as this LED display 
(bottom right) and PCM socket (top)

On the case
The term DIL is one that is likely to be 

encountered sooner rather than later, and it 
stands for ‘dual in-line’. It is a term that is 
most often applied to integrated circuits 
(ICs), but there are other components for 
which the DIL name is equally apt. The 
three components shown in Fig.1 are all in 
the general DIL category.

Integrated circuits mostly have two rows 
of pins spaced 0.3 inches apart, or 0.6 inches 
in the case of large devices having more than 
about 22 pins. The pin spacing is usually 0.1 
inches. The term DIL can be applied to any 
component that has two lines of pins, such as 

banks of miniature printed circuit mounting 
switches, some miniature relays, and IC 
holders.

There are also SIL (single in-line) com
ponents which have just a single row of 
pins, but these are relatively rare. The 
only common examples are integrated cir
cuits that are designed to handle high 
powers, and banks of resistors. In the 
past, there were QIL (quad in-line) inte
grated circuits, which were much the 
same as the DIL variety, but with some 
pins sticking out further from the body of 
the component than others. This produced 
what were effectively four rows of pins. 
This type of encapsulation was usually a 
bit awkward to deal with, and it is now 
largely obsolete.

When ordering integrated circuits you do 
not normally need to specify a DIL or SIL 
encapsulation as such. Most integrated cir
cuits are available in several case styles, 
which these days include various surface 
mount types. In the past, component retail

ers only offered 
the SIL or DIL 
version of a 
device, but these 
days there is 
often a surface 
mount version 
available as 
well.

The type num
ber of an inte
grated circuit 
usually has a suf
fix that indicates 
its encapsulation 
and pinout 
arrangement. 
This is typically 
something like 
‘CP’ for a DIL 
device in a plas
tic case, but the 
exact method of 
coding varies 
somewhat from 
one manufactur
er to another. It is 
therefore neces
sary to take care 
that the correct 

version of a device is ordered in cases where 
more than one type is listed. Fortunately, 
component catalogues usually indicate the 
case style of each version on offer.

Staying on track
Potentiometers are perhaps used rather 

less in this digital age than they were in the 
analogue past, but they still feature in a rea
sonable percentage of projects. Most types of 
potentiometers are available in logarithmic 
and linear varieties, which are often referred 
to as ‘log’ and ‘lin’ respectively. There is also 
such a thing as an anti-logarithmic (‘antilog’) 
potentiometer, but this type is not widely 
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available and is little used in practice. The 
difference between the logarithmic and linear 
types is subtle, but if you use the wrong type 
it will usually be fairly obvious that some
thing is amiss.

A normal potentiometer is in the form of 
a control that is mounted on the front panel 
of a project. A potentiometer has the alterna
tive name of ‘variable resistor’, which is 
basically the function it provides.

However, whereas a fixed resistor has two 
leads, a variable type has three tags. Two of 
these connect to opposite ends of a carbon 
track, and the third connects to an adjustable 
wiper (moving) contact that can be posi
tioned anywhere along the track via the 
component’s spindle.

Suppose a potentiometer has a value of 
100 kilohms. The resistance between the 
two track terminals will be approximate- 
ly100 kilohms, and with the wiper set at a 
central setting there will be about 50kQ 
between the wiper terminal and each outer
track terminal. With the wiper set about 20 
percent along the track, there will be about 
20 kilohms between the wiper and one track 
terminal, and about 80 kilohms between the 
wiper and the other.

This will only be true if the potentiome
ter is a linear type. With a logarithmic type 
the two halves of the track will have very 
different values. I made some measure
ments using a real-world 100 kilohm loga
rithmic potentiometer which showed that 
one half of the track had roughly ten times 
the resistance of the other half. Much the 
same thing would be found with an anti- 
logarithmic potentiometer, but the two 
resistances would be swapped.

In control
What is the point of having logarithmic 

potentiometers with their varying track resis
tance? For most applications they are not 
needed, and linear potentiometers are used 
for the vast majority of applications, includ
ing most tone controls, temperature controls 
on electronic thermostats, and so on. The 
humble volume control is the only common 
application for logarithmic potentiometers, 
and they are used for very little else.

Advancing the volume from zero pro
duces a huge initial increase in volume 
when using a linear control, but large 
changes in the setting of the control having 
little effect thereafter. This is not due to 
any shortcoming in the potentiometer, but 
is simply a product of the way the human 
hearing mechanism works. Our hearing 
effectively becomes less sensitive as the 
volume level is increased. A logarithmic 
potentiometer, however, is designed to 
counteract this compression effect, and 
provides what seems to be a more even 
adjustment characteristic.

After a fashion, a circuit will work if the 
wrong type of potentiometer is used, but 
there will be an odd control characteristic, 
possibly making it awkward to use. A 
potentiometer of the wrong type might be 
satisfactory as a temporary measure if 
there are supply problems with the correct 
part, but it is something that should other
wise be avoided.

Not all types of potentiometer are avail
able with logarithmic or linear laws. Even 
with the largest of component catalogues 
you are unlikely to find logarithmic presets 
listed. Unless stated otherwise, it can be

Selection of rotary potentiometers

assumed that preset resistors are of the lin
ear variety.

Switched on
The most simple switches are often 

described as something like ‘SPST’ in 
components lists and catalogues. Switch 
abbreviations such as this can be confusing 
at first, but they are really quite easy to 
understand, and there are just four of them 
to contend with. These are the four abbre
viations and their meanings:

SPST single-pole, 
SPDT single-pole, 
DPST double-pole, 
DPDT double-pole,

single-throw 
double-throw 
single-throw 
double-throw

A single-pole switch is a simple on/off 
type, and a double-throw switch is one 
which provides what is more commonly 
termed a changeover action. In other 
words, there are three tags, and the middle 
one connects to one or other of the other 
two tags, depending on the setting of the 
switch. A single-pole switch has just one 
set of contacts, whereas a double-pole type 
has two sets and is effectively two switch
es that operate in unison.

Fig.2 shows the circuit symbols for all 
four types of switch, and also shows how 
these relate to practical switches. The tag 
arrangements shown in Fig.2 are the most 
common ones, but there are some switches 
that use different layout.

With any switch it is best not to jump to 
conclusions, and to use a continuity tester 
to determine which tag is which. 
Component catalogues do not always list 
all four types of switch, and it is useful to 

Fig.2. The four basic types of switch. A DPDT type can be used instead of any of 
the others, and it is just a matter of ignoring the contacts (tags) that are not 
required

bear in mind that a DPDT switch can be 
used to replace any of the other three types. 
For example, ignore one set of three tags 
and the other set effectively provide a 
SPDT switch.

Choked up
The word ‘choke’ seems to be used rela

tively little these days, and it is merely an 
alternative name for an inductor. It is 
mainly used when referring to small induc
tors of the type used in radio frequency 
(RF) equipment. It is also applied to larger 
inductors, such as those used in mains 
interference suppression.

There are two main categories of induc
tor, one of which is the low frequency (LF) 
type that are generally large and intended 
to handle large currents. The other catego
ry is RF chokes, which are intended for 
high frequency (HF) operation, are rela
tively small, and can only be used at low 
currents. When ordering an inductor it is 
important to make sure that you obtain one 
that is of the right general type and do not 
simply settle for any component having the 
right value. In the case of a low frequency 
inductor that will carry high currents, make 
sure that its current rating is adequate.

Being PC
In an electronics context the acronym 

‘PC’ stands for printed circuit and PCB 
stands for ‘printed circuit board’. Many 
components are described as PC or PCM 
(printed circuit mounting) types, and this 
basically just means that they are designed 
for mounting on a circuit board. In the case 
of capacitors it means that the component 
has both leads emanating from the same sur
face, and that it is mounted vertically. 
Components that have a lead at each end and 
are mounted horizontally on circuit boards 
are ‘axial’ types. Normal resistors are a com
mon example of axial components.

One slight problem with PCM compo
nents is that two parts of the same basic 
type will not necessarily use the same pin 
arrangement. Each manufacturer often has 
its own way of doing things. In many cases 
this means that a component will not fit 
onto the circuit board unless it is precisely 
the right type. Component catalogues often 
make life easier by providing details of the 
pinout arrangements of PCM components, 
so that you can check that a component is 
suitable without having to try the ‘suck it 
and see’ approach.
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Fluorescent

Tube Driver
By John Ellis
Ideal for emergency, camping and no-mains lighting applications

Despite the progress being made 
by solid-state lighting, fluores
cent tubes are still one of the 
most efficient light sources available. 

Normally operated from mains power, 
lamp fittings use chokes (coils) to limit 
the current flow. This is necessary 
because the fluorescent tube exhibits 
a negative resistance when turning 
on, and a low resistance once the arc 
between the filaments has formed.

As a result, fluorescent tubes ap
pear to be difficult loads for electronic 
circuits, yet it is possible for small, 
battery-operated fluorescent tube 
driver units to be designed with a high 
efficiency. Many offices and shops now 
have trickle-charged standby units for 
emergency use.

The unit described in this article 
was designed to provide fluorescent 
lighting operating from a 6V recharge
able battery for emergency, camping 
and even for ‘green’ lighting, as it is 
possible to charge batteries during the 
day from fairly small solar panels, or 
for lighting the corners around the 
house such as in the under-the-stairs 
cupboard where mains may not be 
readily available.

Royer circuit
The Royer circuit was mentioned in 

the June 07 issue of EPE - see Circuit 
Surgery. In 1954, G.H. Royer described 

a switching power converter using two 
transistors and a transformer, shown 
in outline in Fig.1. The transistors 
switched on and off, one after the 
other, feeding the primary windings 
with a square wave. The switching 
point, where one transistor turns off 
and the other on, was determined by 
the transformer.

During each half-cycle, the mag
netic field in the transformer core 
changes from the peak value it just 
reached, which saturated the core in

Fig.1: Basic Royer converter 
circuit, (saturating transformer, two 
transistors)

one direction, until it saturated in 
the other. At this point, the feedback 
signal reduces and prevents the ‘on’ 
transistor from staying on any longer. 
So this transistor turns off, and the 
collapsing magnetic field turns the 
other transistor on, repeating the half 
cycles with the polarity constantly 
changing.

Sinewave
A sinewave is more efficient than 

a square wave to operate fluorescent 
tubes. If nothing else, a sinewave con
tains no harmonics, which prevents 
energy being lost in higher frequency 
harmonics. It is also relatively easy to 
operate a fluorescent tube from a sine
wave using a simple choke coil to limit 
the current, with little interference 
from switching spikes which a square 
wave signal could create.

To operate in sinewave mode, it 
is necessary to make two important 
changes to the original Royer circuit. 
First, a capacitor is added across the pri
mary (or secondary) of the transformer, 
to form a resonant LC ‘tank’ circuit. If 
the transistors were switched across 
this tank, however, the sinewave oscil
lations would be shorted out, giving a 
square wave once again.

To avoid this, the second modifica
tion is to add a choke (L1) in series 
with the primary centre tap. All chokes 
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or coils oppose alternating currents, in 
principle, while at the same time have 
a low resistance to DC which can pass 
through virtually unhindered. The 
choke is able to absorb the difference 
in voltage between the transistors and 
the sine wave signal in the resonating 
tank circuit. This enables the transis
tors to switch on or off while generat
ing a sinewave.

Resonant sinewave converter
The basic resonant sinewave con

verter is shown in Fig.2. The trans
former (T1) primary, comprising coils 
N1 and N2, are tuned by capacitor C1 
to form a tank circuit which resonates 
with a sinewave oscillation.

Transistors TR1 and TR2 are driven 
through the feedback winding Nf to 
switch alternately on and off. Coil L1 
provides the high AC impedance to 
take up the voltage difference between 
the transistors, which switch, and the 
sinewave oscillations. Resistor R1 is 
only required to provide the peak base 
current needed by the transistors.

Fig.2: Basic sinewave resonant 
converter circuit

Fig.3 shows some oscillographs 
from the complete Fluorescent Tube 
Driver circuit described below: (a) 
the signal on the collector of TR1 
and (b) the signal at the centre-tap 
of the transformer primary winding. 
Note that the transistor voltage in (a) 
appears to be almost exactly a half 
sinewave.

When transistor TR1 is on, the volt
age across it is held low. When it turns 
off, the voltage follows the resonant 
sinewave from the tank circuit, thus 
creating a series of half sinewaves.

Transistor TR2 conducts in the alter
nate half cycles, to form the complete 
sinewave.

The voltage at the centre tap of the 
primary (b) is made up from both of 
the half sinewaves, and appears to 
be a full-wave rectified signal. This 
circuit is perhaps the closest thing 
to a full-wave rectifier operating in 
reverse!

The circulating current in the ‘tank’ 
has a high peak value. The ‘rectified 
sinewave’ signal at the primary centre 
tap reaches a peak of about 9.5V, but 
the transistor voltages reach double 
this. There is, therefore, approximately 
13V AC (RMS) applied across the 
whole primary winding, with an effec
tive load impedance of about six ohms, 
which means that the transformer has 
to be able to handle a current of just 
over 2A. To sustain its inductance 
over such a wide operating current 
means that it should not be allowed 
to saturate.

Although the circuit is often credited 
as being a ‘Royer’, it is different from 
the original in that the transformer 
is non-saturating, and the switching 
point is determined from the voltages 
in the resonating tank circuit. It seems 
that this circuit relates to the original 
in one aspect, in that the transistors 
still switch on and off. Perhaps this 
is what is meant by the term ‘Royer- 
class’ converter.

The tank capacitor (C1) has to con
duct the oscillating current as well as 
the transformer current. Many of the

Horizontal: 5ms/div
Vertical: 5V/diva)

Horizontal: 5ms/div
Vertical: 2V/divb)

Fig.3: Oscillographs showing signals 
at a) TR1 collector and b) transformer 
centre tap

usual types of capacitor are not up to 
the job, and will become hot as they 
either do not have a low enough resist
ance or have a high dissipation factor. 
The Rifa double-metal type PHE450 
capacitor, which has been designed 
for high current stresses, such as in 
converters like this and TV circuits, 
is suitable.
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Fig.4: Complete circuit diagram for the Fluorescent Tube Driver

Circuit details
The complete circuit diagram for 

the Fluorescent Tube Driver is shown 
in Fig.4. Transistors TR1 and TR2 
are the switching pair, and C2 is the 
resonant tank capacitor. Transformer 
T1 provides the inductance for the 
oscillation, the feedback coil to sus
tain the oscillation and a secondary 
to provide the high tension for the 
fluorescent tube.

Note that the transistors’ collec
tors and bases are connected to the 
primary and feedback windings in 
opposite phases, as indicated by the 
black dots. You can interpret these 
as showing the starts of the windings. 
Coil L1 provides the sinewave isola
tion function.

The transistors TR1 and TR2 oper
ate in push-pull. When one transistor 
is on, the voltage across it is very low, 
which means that the power dissi
pated in it is also low; but when off, 
the current in the transistor is zero, in 
which case the power is also zero. If the 
transistors have a low saturation volt
age, they will dissipate little power, 
and with a high gain, the base current 
required will be small too.

Transistors like the Zetex ZTX851 
have a gain of at least 100 at 2A and a 
saturation voltage of less than 0.25V 
at 5A. These remarkable devices are 

packaged in a small plastic encapsula
tion which Ferranti, the company that 
Zetex once was, made famous as their 
E-line package.

The capacitor and resistor network, 
R2-C3, across the bases of the switch
ing transistors damps parasitic oscil
lation, which occurs when the transis
tors switch off. It is caused by leakage 
inductance and base capacitance.

Tube strike
Once an AC voltage is provided 

on the primary side of a transformer, 
it is possible to choose the output 
voltage by winding on an appropri
ate secondary coil. Small fluorescent 
lamps in the miniature tube range 
(T-5 size) operate at about 160mA. 
They are available in 4W, 6W, 8W and 
13W ratings, in lengths from 150mm 
(6 inches) to 530mm (21 inches). For 
6V it seemed that 6W would be ideal 
as this would take about 1A from a 
6V battery.

A 6W tube requires an operating 
voltage of about 37.5V to run. Unfor
tunately, as mentioned, fluorescent 
tube loads are not at all friendly, 
because they are in effect arcs which, 
once struck, have very low imped
ances. And, applying 37.5V to the lamp 
would in all likelihood be far too low 
to enable the tube to strike.

To initiate the discharge, an operat
ing voltage of at least 150 V is required. 
The secondary is, therefore, wound 
to provide 150 V. Once struck, the arc 
voltage then requires some form of 
current limiting, which can be pro
vided by another coil, L2, just as in the 
normal mains fittings, but this coil is 
a lot smaller due to the high operating 
frequency of the unit.

Filament switching
The final part of the circuit provides 

a pre-heat function. Many years ago, 
Practical Electronics ran an article on a 
fluorescent tube camping light. It used 
a single OC23 power transistor, and a 
small ferrite core transformer. It was 
pointed out, as far back as then, that 
fluorescent lamps would blacken very 
quickly if the arcs were struck instantly 
from cold. The following month saw 
a modification with the addition of a 
pre-heater switch to heat the filaments 
of the fluorescent tube so as to avoid 
this problem.

Today, a simple timer function can 
be added for a few pence, but a little bit 
more of a problem is the actual means 
of switching the filaments. In a mains 
unit, an argon-filled lamp (as opposed 
to neon lamp) is used to switch the 
filaments on should the voltage be too 
high - in other words, at the point of
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turning the lamp on, the fluorescent 
tube is initially off, and the voltage 
across it can reach 200V or 300V. This 
lights the argon lamp, which causes a 
bimetal strip to heat, bend, and even
tually short.

Once the contacts short together, a 
high current (the 160mA limited by 
the choke) can flow, causing the fila
ments to heat up. After a short delay, 
the bimetal strip cools, as there is no 
power in the argon, and the contacts 
open. At this point the tube tries to 
light, and often does. But if not, the 
process repeats, sometimes causing 
a flicker.

In this circuit, a single-shot, half 
to one second timer is used which 
switches the filaments using a low 
voltage relay (RLA), as the usual argon
type starter does not work well at high 
frequencies, even with its suppression 
capacitor removed. A small 0.3 inch 
DIL relay rated at 125V, 0.5A was used 
in the prototype.

Normally, the running voltage of the 
lamp is less than 40V, which is within 
the voltage rating, and the operating 
current is 160mA, within the current 
rating. But, it is possible that the volt
age rating might be slightly exceeded 
for a brief fraction of a second in the 
time it takes the relay to pull in imme
diately after switching on. So far, the 
author’s unit has worked reliably for 
many operations. The relay has been 
found to be more reliable and cheaper 
than using high voltage transistors as 
a switch.

Many commercially available 
torches sporting fluorescent tube 
units are, by comparison, extremely 
crude. They typically use a high fre
quency, single switching transistor, a 
single-ended transformer and do not 
provide for pre-heating. Lamps tend 
to blacken very quickly, and it seems 
that they rely more on the fact that not 
as many people actually use them as 
buy them!

Having said that, it is interesting to 
note that, in fact, such circuits may be 
a little better at running the new cold
cathode fluorescent tubes, which re
quire perhaps 1000 to 5000V at about 
5 to 1mA. Cold-cathode tubes are 
often used in laptop displays, where 
they provide the back lighting. How
ever, most published driver circuits 
for these also tend to be of the sine
wave push-pull resonant converter 
type, similar to the one described in 
this article.

Parts List - Fluorescent Tube Driver

1 PC board, code 661, available 
from the EPE PCB Service, 
size 170mm x 55mm

1 6W 225mm (9in.) fluorescent 
tube (LP1)

1 metal or plastic case, type and 
size to choice - see text

1 5V DIL relay, contacts 125V 
0.5A (eg Maplin N99CZ or RS 
256-1096)

1 wire-ended neon lamp, 65V 
type T2 (LP2)

1 6V 10AH battery (lead-acid 
recommended - see text) 
(B1)

1 SPST on/off toggle switch 
(optional - not shown)

1 20mm PCB-mounting fuse- 
holder/clips

1 20mm 1.6A quickblow, type F, 
fuse (FS1)

2 T-5 fluorescent tube holders or 
brass tubing for tube pin con
nectors - see text

Twin figure-8 wire for fluorescent 
tube connectors; heatshrink 
sleeving; battery charger or 
solar panel to suit battery - see 
text; solder pins; solder etc

Semiconductors
2 1N4001 50V 1A rectifier diodes 

(D1, D2)
2 ZTX851 (Zetex) NPN medium 

power transistors (TR1, TR2)
1 BC237 NPN transistor or similar 

(TR4)
1 BC307 PNP transistor or similar 

(TR3)
1 BC337 NPN transistor or similar 

(TR5)

Capacitors
1 220mF radial elect. 16V (C1)
1 1mF low impedance, high cur

rent, non-polarised (NP) (e.g. 
Rifa PHE450 - RS 544-1327) 
(C2)

1 10nF polyester film, 250V (C3)
1 220mF radial elect. 10V (C4)

Resistors (0.6W, 1% metal film)
1 10W (R2)
1 220W (R1)
1 1kW (R9)
1 5.6kW (R10)
2 10kW (R5, R7)
1 22kW (R6)
3 100kW (R3, R4, R8)
1 150kW for neon indicator (R11)

FERRITE TRANSFORMER AND COILS/CHOKES
Transformer (T1)
Core: RM-10, Material: 3C90 Ferroxcube, (Farnell 3056843); or N41 

(EPCOS) or F44 (MMG) (RS 231-8757).
Bobbin: 8-pin standard (Farnell 178920; RS part includes this).
Feedback: bifilar 32swg (0.27mm) enamelled copper wire, 1 turn spread 

along bobbin.
Primary: bifilar 22swg (0.71mm) enamelled copper wire in a single layer of 

5 turns (10 in total).
Secondary: 120 turns 32swg or 0.25mm enamelled copper wire.
Air gap 0.3mm (total).
Clips for RM10 (pair) (Farnell 443773; RS part included)

Input coil (L1)
100mH coil (RS 308-8839) or
Ferrite Core: RM7, material 3C90, (Farnell 3123431); or N67/N87 (EPCOS).
Bobbin: 4-pin standard, (Farnell 178912).
Wire: 20.5 turns 22swg enamelled copper wire (3 layers x 7 turns per layer) 
Air gap: 0.2mm; Clips for RM7 (pair), (Farnell 3123479 - until stocks run out)

Output coil (L2)
Inductance: approx. 4.3mH
Ferrite Core: RM7, material 3C90 or N67, N87 (EPCOS)
Bobbin: 4-pin standard
Winding: 130, 140, 150 turns 32swg enamelled copper wire (or single 140 

turns - see text).
Air gap: 0.2mm; Clips for RM7 (pair)
Paper: 80gsm and 120gsm for spacers - see text
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Design considerations
The operating frequency was cho

sen to be in the region of 25kHz as a 
compromise between ease of design, 
and silent operation. Most of the older 
ferrite cores are efficient in this range, 
but the circuit should also work with 
newer material intended for higher 
frequencies. Due to coupling between 
the load coil and primary, the actual 
oscillation frequency may be a little 
higher.

Tank circuit
A resonant tank (in the sense of 

‘containing a current’) is made from 
the transformer primary and tun
ing capacitor C2. The transformer is 
designed with an air gap to prevent 
saturation and uses a standard RM10 
ferrite core. The primary is wound 
with 5+5 turns of moderately heavy 
wire, and has an inductance of about 
25mH.

The feedback and secondary wind
ings are wound with 32swg wire and 
have 1+1 and 120 turns to give 150V 
output respectively. The impedance 
of the circuit at resonance is low and 
the circulating current can be as much 
as 3A. The magnetisation in the core 
is kept below 0.2 Tesla, so although 
the circulating current may be high, 
power losses are kept low.

Input coil
The input and output coils in the 

original circuit used 18mm x 11mm 
ferrite pot cores, which although still 
made by EPCOS (formerly Siemens) 
don’t appear to have a UK supplier for 
the home user now that Electrovalue 
has ceased trading. Alternative cores 
were sought and one solution appeared 
to be to use ready made coils.

The inductance required can be de
termined very roughly from the imped
ance required and operating frequency 
as being at least 12mH. Coils larger than 
this can be purchased or made which 
have low resistances and do not cause 
undue loss of efficiency.

RS Components (rswww.com) sell 
a 100mH inductor rated at 2A, which 
was tested and seems to be fine. Alter
natively, a coil can also be made from 
an RM7 ferrite core, which is similar 
in size to the original 18mm x 11mm 
pot core, wound with 21 turns, and 
using an air gap of 0.2mm to stop it 
saturating. Farnell (www.farnell.com) 
sell the RM7, but this is slightly more 
expensive than the originals.

Output coil
The output coil turned out to be 

quite critical in terms of operating 
performance. Two pre-wound coils 
were tested but neither worked sat
isfactorily. An RM7 equivalent to the 
original 18mm x 11mm pot core was 
designed.

The impedance needed is calculated 
from the required voltage drop and 
tube current. With 150V output, and 
a 40V tube voltage, the voltage drop is 
110V, which at 160mA needs 700 ohms 
impedance at 26kHz, the nominal op
erating frequency. This needs a 4.3mH 
inductor. Don’t be tempted to use a coil 
intended for mains suppression as this 
may not be efficient at 26kHz.

The number of turns needed for an 
RM7 core with a 0.2mm gap is about 
140, very similar to the prototypes 
using pot cores. The printed circuit 
board (PCB) allows for the coil to have 
three taps to allow some selection if 
required, which is explained in the 
construction section.

Timer circuit
Referring to Fig.4, transistors TR3 

to TR5, and their associated resistors 
and capacitors in the timer section 
operate the relay to control the fila
ment pre-heat.

When the unit is switched on, 
capacitor C4 is initially uncharged. 
Transistor TR3 is held off, which feeds 
through to TR4 and prevents this turn
ing on as well. Transistor TR5 therefore 
turns on, pulls on the relay, which then 
connects two of the filament terminals 
together.

After a short interval, capacitor 
C4 charges up to such a voltage that 
TR3 turns on, turning on TR4, and 
switching TR5 off. Positive feedback 
through resistor R8 provides a firm 
latch to prevent re-triggering. One 
slight disadvantage is that transistor 
TR4 conducts 6mA of current, which 
is inefficient, but this amounts to only 
a 0.6% loss.

As this circuit is only a one-shot 
timer, there is no repetitive flicker, and 
the timer is set to allow the filaments 
to heat up using the normal current. It 
is common to see the ends of the tube 
glow from ionised gas - not just the hot 
filament, though this can be seen in a 
darkened room - just before the relay 
opens, indicating that the filament is 
hot enough. Diode D2, across the relay 
coil, shorts out any back-EMF from the 
relay when it switches off, while diode 

D1 discharges capacitor C4 when the 
power is disconnected, so as to reset 
the timer in case the unit is switched 
on again soon after switching it off.

Construction - coils and 
transformer

The coils and transformer can be 
wound using a hand-drill to provide 
the turns if the bobbins are mounted 
onto a screwed rod, such as a 5mm or 
6mm threaded rod, or a similar fairly 
long 5mm or 6mm machine screw 
(threaded all along its length, not to 
be confused with a bolt, which has 
threads only at the end). The bobbins 
can be tightened on the rod or screw 
using a nut at each end, provided there 
is some means of preventing damage 
to the pins.

The author used wood blocks about 
8mm to 10mm thick, which were 
shaped to fit the central part of the 
bobbins, so that the clamping pressure 
is applied only to this central section. 
The pins are able to remain free of 
the clamp as they fit either side of the 
shaped wood blocks. A slot was cut in 
the blocks aligned to the wire lead-outs 
in the bobbin so that the wires could 
be taken out. Alternatively, you may 
be able to fit the bobbin using suit
able washers, or a stack of washers 
or spacers.

The important point is that whether 
you use wood blocks, or washers or 
other spacers, they MUST allow the 
bobbin to be tightly clamped without 
trapping a thicker ledge, or the pins, or 
the bobbin might break when the nuts 
are tightened to hold it in place. The 
nuts do not need to be overtight, but 
have to prevent the bobbin spinning 
on the rod.

Once you have clamped the bob
bin on the screwed rod or machine 
screw, place one end of the rod into 
the chuck of a hand-drill. (This is not 
good practice as the chuck will tighten 
on the threads, but it is a quicker way 
to wind a coil). Do not be tempted to 
use an electric drill, because this is 
likely to spin the bobbin so fast that it 
may become unstable and fly off, and 
cause injury to you, someone else, or 
damage the furniture!

Each coil will need to be taped 
after winding to hold the winding 
in place. A good tape for transform
ers and coils is the standard yellow 
polyester type, but masking tape can 
be used at a push. (It has to be said 
that masking tape for transformers
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ought to be a higher temperature grade 
than the normal household type used 
for painting, but in this circuit, the 
components have been designed not 
to get unduly hot).

Spacers will need to be made to form 
the air gaps in the cores. For the input 
and output coils, the spacer needs to 
be 100mm thick; which conveniently 
is the thickness of standard 80gsm 
paper used by office laser printers. 
The transformer needs to use 120gsm 
paper, which is also fairly common at 
stationers, as cartridge or heavy grade 
paper. This will have a thickness of 
150mm.

To make the spacer, ‘trace’ the out
line of the ferrite core onto the paper 
by placing the paper on the core (over 
the inside surfaces), and gently roll 
your finger over the paper, pressing 
particularly around the edges. Don’t 
use too much pressure - ferrite core 
edges can be sharp! This will mark 
the paper, and you can then cut the 
shapes out.

Coil winding
The coils are wound as follows:

Transformer
A ‘power’ type bobbin was used in 

the original, but it seems that supplies 
are now also likely to be limited. In
stead, the transformer winding details 
are given assuming that you can only 
obtain the standard type. In this case, 
the heavy leads are not soldered to 
pins, because the bobbin won’t take 
them. Instead they are left as ‘flying 
leads’, not very satisfactory, but we 
can make do. An 8-pin bobbin will 
then suffice for the thinner wire con
nections. The PCB layout assumes the 
ordinary bobbin type.

Start with the feedback winding. 
Wind two 32swg lengths of wire, side- 
by-side, (called bifilar) onto the bobbin 
starting at the ‘pin’ end and finishing 
on the opposite and, taking the wires 
out through the bobbin slot after one 
turn. Spread the turn along the length 
of the bobbin, so that it lies at more or 
less 45 degrees. Wind a layer of pro
tective tape over the coil to hold it in 
place. Label the wires F1S, F2S at the 
start (pin) side and F1F, F2F for the 
finish ends by Sellotaping paper notes 
to them. These wires will be soldered 
to pins after assembling the core.

Next, wind the primary with two 
lengths of 22swg (0.71mm) wire, 
again side-by-side, this time labelling 

the starts P1S, P2S. Start these in the 
same side of the bobbin as the feedback 
winding. Wind a total of five turns 
of the pair of wires, which should fit 
into one layer if neatly wound. Wind 
a layer of tape over the primary to 
hold this in place. Label the ends P1F, 
P2F accordingly. (If you lose track 
of the identities of the two wires, at 
least mark the starts and ends. You 
can match the end of one wire to its 
start later using a continuity tester: an 
ohmmeter or a battery and bulb). These 
wires should be left ‘flying’ with at 
least 50mm (2in.) of wire at each end 
to connect to the PCB.

Finally, wind the secondary. Start 
the winding in the opposite side of the 
bobbin to the feedback and primary 
wires. Proceed to wind 120 turns of 
32swg (0.27mm) in neat layers (you 
should manage about 27 to 30 turns 
per layer). Leave about 50mm of wire 
at the ends. These wires will also be 
soldered to pins. Label the start end 
simply as ‘S’ and the finish as ‘F’.

Core assembly
Assembling the core is straightfor

ward. Mount the bobbin into one of 
the two ferrite core halves, then place 
the paper spacers over the surfaces, 
using thick ones for the transformer, 
(150mm); then place the top core half 
onto the bottom without dislodging 
the spacers, and clamp the two halves 
together using the transformer clips. 
Make sure that the clips have their 
solder pin ends pointing down in 
the same direction as the pins on the 
bobbin.

Fig.5. The transformer and coil pin 
connections (looking at pins). The 
centre tap marked with an asterisk is 
the finish of the first coil joined to the 
start of the second

With reference 
to Fig.5, solder the 
wires to the pins as 
follows: with the 
bobbin held upside 
down, looking di
rectly at the pins, 
orient the core with 
the primary and 
feedback windings 
to your left, and sec
ondary to your right. 
Take the start of one 
of the feedback wires 
and solder it to the 
bottom right of the 
left-hand group of 
pins as described 
in the paragraph 
below.

If you have not 
identified the end of The completed transformer wired to the PCB
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input coil ‘tank’ capatrcaitnosrformer output coil timer relaythis particular wire, find it by tinning 
the start and ends of both feedback 
coils, so that you can make contact to 
the wires. Use an ohmmeter or battery 
and bulb (low current only!) to find the 
end of the first wire. This lead will be 
joined to the other remaining start wire 
to form the centre tap, and both wires 
soldered to the bottom left of the left 
four pins. Finally, the last end can be 
soldered to the top left of this group. 
The secondary leads are soldered to 
the bottom right and top right of the 
rightmost set of four pins.

It is good practice to wire the low 
voltage side (nearest the primary, or in
side connection) to the pin which will 
connect to the negative lead, which 
is the top right pin. The high tension 
side, or outside, can then connect to 
the bottom right pin. You may want 
to mark the low tension (battery) side 
and output (high tension) side with a 
marker pen to help to locate this into 
the PCB later.

To make a solder join, start by wrap
ping the wire partly around its pin, 
then unwind. This will show where 
the wire needs to be tinned. Tin the 
wires using a hot soldering iron, 
which will vaporise the polyurethane 
coating. Don’t breathe the fumes, and 
do solder in a well ventilated room 
as the fumes contain small quantities 
of cyanide. Professional solder sta
tions today also have air ventilation 
to remove solder fumes, so try not to 
breathe these either.

Tin about 10mm of wire starting from 
the point marked earlier. Once tinned, 
the wire should be twisted once or twice 
around its pin, and soldered. Don’t try 
to solder an untinned wire wrapped 
around the pin, as the temperature 
needed to dissolve the polyurethane 
may melt the bobbin. Only solder the 
feedback and secondary wires to the 
pins as the heavy wires won’t fit.

Input and Output coils
The input and output coils are sim

ple compared with the transformer. 
The input coil needs 21 turns of 22swg, 
which is wound in three layers of 
seven turns. The start wire will be at 
the pin end of the bobbin, while the 
finish end should not only be at the 
opposite end, but also in the opposite 
window side. This means that actu
ally 20% turns are used, rather than 
21. Again, referring to Fig.5, the wires 
are tinned and soldered to the pins as 
follows: looking directly at the pins,

Positioning of the main components on the finished prototype PCB

with the pins in a left-right orientation, 
wire one end to the top left pin, and 
the other to the top right.

The output coil, as mentioned earlier, 
is critical. The prototype coil required 
120 turns on the original 18mm x 11mm 
pot core, but during construction of the 
second version, it was found necessary 
to use 140 turns on the RM7 core. Vari
ations of core material and air gap may 
require the number of turns on this coil 
to be adjusted, and there are two ways 
to do this.

One option is to wind a coil with 
taps. Provided you keep the start pin 
in the same position, having options 
to take the finish from one of three 
possible pins means that you can 
wind the coil with 130 turns, take a 
tap out by looping about 2cm of wire 
out and back into the coil, then add
ing 10 turns, and taking another tap, 
and finishing after 150 turns in total. 
Later you can select the best coil for 
the fluorescent tube.

If you prefer a simpler construction, 
wind a straight 140 turns. You can 
adjust this later if you do not glue the 
core, or lastly you can wind on 140 
turns, and assemble everything full 
stop. The battery current may be slight
ly higher than the nominal 1A, running 
at 1.2A, but this is acceptable.

Refer to Fig.5 to determine the 
coil winding connections. The only 
constraint on the output coil is that 
the start wire needs to be taken to 
the top-left pin, when the bobbin is 
oriented as shown. You may want to 
make a mark on the start pin to help 
orient this into the PCB. The other end 
can be taken to any one of the other 
three pins, unless you have opted for 
the tapped coil, in which case take one 
tapping to each pin.

Assemble the input and output 
coils onto the cores using the 80gsm

neon indicator

(100mm) paper spacers you should 
have prepared earlier. Finally, clamp 
the two halves using the clips, again 
making sure they point in the same 
direction as the pins on the bobbin. If 
you are not able to obtain clips, you 
can glue the core halves, but don’t 
glue the core halves until you have 
tested it. The paper spacers will take 
superglue quite readily. For testing, it 
is possible to hold the core together 
using, a little crudely, an elastic band, 
as a temporary measure!

Construction - circuit board
All components, except the 6V 

10AH battery and tube, for the Fluo
rescent Tube Driver are mounted on 
a single-sided PC board, measuring 
170mm x 55mm. This board is avail
able from the EPE PCB Service, code 
661. The printed circuit board com
ponent layout and full-size master is 
shown in Fig.6.

To assemble the PCB, it is easier 
to locate and solder in position the 
diodes first. The cathodes of both 
(indicated by the black bar at one 
end) are connected to the DC positive 
and should be soldered as indicated. 
Then the resistors can be soldered 
in, followed by the transformer and 
coils.

When inserting the transformer, 
make sure that the pins are oriented 
correctly so that the primary and 
feedback windings are wired on the 
low tension side, while the output is 
facing the high tension side. The flying 
leads from the transformer need to be 
soldered correctly. Fig.6 shows where 
the wires should go. If you wired the 
feedback winding correctly, the ‘start’ 
should appear at the top of the left 
group of four pins (looking down on 
top this time) and this connects to the 
base (b) of TR2.
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The ‘start’ of one of the primary 
leads needs to be wired to the collec
tor (c) of TR1. This is soldered into 
the connecting pad marked ‘S’. The 
start lead should be one of the two 
leads exiting the bobbin at the pin 
end. The other end of this lead needs 
to be routed into and soldered to the 
next hole up. If you did not label the 
end, find out which it is using an ohm
meter or battery and bulb. You will, 
of course, need to tin the ends of the 
wires to measure them.

The other ‘start’ lead can now be 
routed to and soldered into the third 
hole, which is connected in the track 
on the PCB to the finish end of the 
first coil. The second ‘finish’ (or final) 
end of the primary is then routed and 
soldered into the last hole marked ‘F’, 
which connects to TR2 collector (c). 
If any of these connections are wrong, 
the circuit won’t oscillate.

The input coil L1 also has to be 
plugged in the right way round. Check 

that the input coil start is inserted fac
ing towards the fuse: top left. Leave 
the output coil L2 for the moment and 
continue to solder in the rest of the 
components.

The capacitors can be added, then 
complete the PCB by inserting pins or 
wires into the lamp connectors, and 
inserting the fuseholder onto the input 
side. The generous copper pad areas 
under the fuseholder are intended to 
allow for a range of holder options. 
The original design is intended to 
take a Bulgin low-profile fuseholder, 
but you can also drill the pads to take 
small PCB-clips instead. If you prefer, 
you can also add a neon lamp to show 
that the HT works by soldering a wire- 
ended neon (LP2) into the lamp holes, 
and add a 150kW resistor to limit the 
current. This is shown boxed in the 
circuit diagram Fig.4.

To check that the output choke L2 
is working correctly, before you solder 
it onto the board, connect the wires 

from the start and 130 turn tap pins 
to the PCB with short flying leads. 
Solder these to the places they would 
go to normally, shown as ‘L2-1 and 
L2-2’ in Fig.6.

Lamp connectors
Connections to the fluorescent tube 

pins can be made in several ways. One 
would be to solder wires directly, but 
then it is difficult to replace a lamp 
without a soldering iron. The neatest 
option is to purchase two T-5 end caps, 
but these are often sold only in 10s or 
20s from RS or Farnell. Sometimes 
convenient screw-terminal types can 
be found in second hand or surplus 
shops, but there are fewer of these 
around than there once were. Some 
connectors are designed to take single 
core wires, as a ‘push in once’, which 
makes them less easy to use with flex
ible wires.

The author made connectors us
ing short lengths of brass tubing. Cut
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four 20mm lengths of 2mm to 2.5mm 
(internal dia.) brass tubing, which is 
often sold by model shops. Solder the 
ends of two lengths of paired wires 
(2-way bell wire or light duty speaker 
cable is adequate) into one end of the 
brass tubes, leaving the other ends 
open. These should slide over the 
tube pins. If they are too loose, slide 
them off and use a crimping tool to 
make a slight indent into the brass 
fitting. Don’t overdo the pressure or 
the brass won’t slide onto the tube 
pins at all. Complete the ends by 
using a heat-shrink sleeve over the 
brass tubes and use the hair dryer to 
shrink-wrap to finish.

Filament relay
Once again, there seems to be a 

problem with consistent component 
supplies, even though the prototype is 
less than three years’ old! The original 
unit used a 5V, single-pole changeover 
relay, a Siemens V23101 type (now 
marketed by Axicom/Tyco). This ap
pears to be no longer available from 
common suppliers. However, Maplin 
sell a smaller relay, under part number 
N99CZ. The PCB has been relaid - as it 
were - to accept this relay. If you use 
a different type, the pin configuration 
may be different.

Some types of relays have the coil 
connections on one side of the pack
age, others with the coil connections 
from one side to the other. Some have 
built-in diodes, and if you use one of 
these the terminals need to be wired 
correctly so that the diode cathode 
(k) is taken to the positive supply 
line, and the anode (a) taken to the 
transistor.

You may have to redrill the PCB, 
cut the copper tracks and re-wire to 
suit your chosen relay. Use a thin 
wire, such as the 30swg wire-wrap
ping type, soldered to the tracks. 
Be careful around the high tension 
tracks because the voltages are quite 
high (150V RMS generates 220V 
peak).

Checking
Without soldering the four fluores

cent tube wires onto their connectors, 
you can check that the unit oscillates 
and that the relay works by wiring an 
ohmmeter across the tube pins, which 
will be connected by the relay (nos. 2 
and 3 in Fig.6); and if you have a neon 
lamp this will indicate whether the 
HT is present. If you have an adjust

able power supply, 
set the current limit 
to 1.5A, the voltage 
to 6V.

Finally, before 
testing, make sure 
that the PCB is 
placed on an in
sulating surface, 
and keep your 
fingers away from 
the board as the 
voltages reached 
are high and could 
cause injury! When 
safe, connect the wires to their re
spective power supply terminals. If 
everything is correct, the unit should 
oscillate and light the neon rather 
brightly. If you do not have a power 
supply, but only have a 6V battery, 
the oscillation can be checked if you 
use, say, a 10 ohm resistor in series 
to limit the current in the event of 
a short.

If the circuit does not work, dis
connect and check the wiring. The 
commonest faults to be expected 
would be that the transistors are put 
in backwards, or that the transformer 
wires are not phased correctly. You 
should also hear the relay clicking on 
at switch-on, and off after about half 
a second later.

If all is well, you can connect the 
wires to the tube. Make sure that the 
pair of wires from one filament are 
soldered to positions 1 and 2, and the 
other to positions 3 and 4. If you had 
a protection resistor to test the circuit, 
remove it. If you did not solder the 
output coil onto the PCB, solder the 
flying leads to the pads where the coil 
would have gone.

Once again, make sure that you will 
not be able to touch the high voltage 
wires or tracks. There are two wire 
jumpers to be soldered on the PCB, 
one on each side of the board to carry 
the output to the lamp connections. 
At this point, wire the earthy jumper 
into the PCB. Now when switching 
on, you should see that the filaments 
glow and then the ends fluoresce, fol
lowed by the lamp lighting up once 
the relay opens.

The author understands that Far
nell will no longer stock RM7 clips 
once the current stock has gone. It is 
possible to assemble the cores without 
clips using Superglue, but this will 
prevent the cores being taken apart 
once they are glued. You can hold

Output power

Specification
Supply Voltage 6V DC
Nominal operating current 1.1A (1A to 1.2A)
Power loss approx. 1W
(A power loss analysis indicates that the transformer 
core dissipates 0.4W; the output choke 0.15W, 
transistors 0.15W and the primary wire resistance
0.15W=1W

the core halves together temporarily 
using elastic bands or taping around 
the outside for testing, but it is neces
sary to try to clamp the cores and the 
spacers fairly tightly, without break
ing the core.

The designed current consumption 
is 1.16A. The prototype unit drew 
just under 1.1A from a 6V battery. 
The second unit was slightly less ef
ficient and drew just under 1.2A. This 
is the maximum current expected, 
and anything higher would indicate 
a problem. Using a choke coil with 
more turns will reduce the lamp cur
rent a little and thus reduce the power 
drain as well.

Power source
A 10AH lead-acid battery is recom

mended, giving nominally 10 hours 
operation (but 6 to 8 hours in prac
tice). NiCads can be used if preferred, 
but lead-acid is normally cheaper for 
higher capacities. You can use lower 
capacity batteries, but would not rec
ommend using less than 2AH - and 
even these will be quickly exhausted, 
and should be of the high-current 
type.

Note that you will need five cells for 
6V if you use NiCads. But the unit will 
operate quite satisfactorily from four 
cells giving 4.8V too, with reduced 
lamp power.

The efficiency of the prototype was 
about 90%, one of the best figures the 
author has obtained in a fluorescent 
tube driver, but the second, appar
ently due to transformer core differ
ences, is only about 85%. The high 
efficiency is due to the Zetex transis
tors and low impedance capacitor, 
which as mentioned should be a high 
current type.

The typical performance which can 
be expected is shown in the above 
spec panel.
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Completing and 
troubleshooting

If the unit works satisfactorily, you 
can solder the output coil onto the 
PCB, and if you did not obtain clips 
for it, you can glue the core halves 
together. To glue, place the bobbin into 
one half core, dab Superglue onto the 
spacers and position them on the core 
faces, using tweezers so that you do 
not attach yourself at the same time. 
Next, dab glue onto the upper half 
core faces, and position this onto the 
lower half, onto the spacers and press 
the two together. Note, this will be a 
permanent step. Once the cores are 
glued, it will be virtually impossible 
to dismantle them.

After soldering the bobbin into the 
PCB, taking care that it is oriented 
correctly, you may notice that the core 
will be able to move a little. To stop 
this, you can squirt some glue from a 
hot-melt gun between the core and the 
PCB to hold this firmly.

There is a jumper on the PCB, which 
needs a short length of tinned wire to 
connect to the appropriate coil tap. My 
guess is that the 140 or 150 turn tap 
is needed, and this will be the pins as 
indicated. If you had not noticed the 
jumper on the other side of the PCB, 
connect this now.

If you find that the battery current 
is any higher than 1.2A, the tube may 
be being over-powered. It was found 
that using the wrong type of capacitor 
for C2 caused a high current drain 
too, which is why a high current 
type is specified. If the capacitor is 
correct, one possibility is that the 
coil L2 has too little inductance. 
This may occur if you used too thick 
a spacer on L2, or too thin a spacer 
on the transformer, but whatever the 
reason, there are some things which 
can be tried to achieve the expected 
performance.

If you built the tapped version of 
the coil, you can try the next higher 
turns. If you only wound 140 turns, 
you should dismantle the coil and 
add 10 turns and try again. Twist the 
start wire onto the finish of the 140 
turns, wind 10 turns in the same di
rection, and check the new coil. You 
can add up to 20 turns without too 
much trouble.

If you still find that the unit takes 
excessive current, there is no other 
fault found, and you can no longer 
adjust the output coil, because you 
may have soldered it onto the PCB, 

or glued it, and you did not wind the 
tapped coil, there is another option. 
Unclip the transformer clips, use pliers 
to bend them away from the core once 
unclipped, so that the top core half is 
clear: don’t just yank them back or you 
may crack the lower core half.

Slide the top half of the transformer 
core off. Place an additional spacer 
layer over the previous spacers, or use 
a really thick card spacer (eg 150gsm 
card) and replace the core. This will 
increase the operating frequency a lit
tle more but the lamp choke will have 
a higher impedance.

Batteries and chargers
Lead-acid batteries generally re

quire current and voltage limited 
charger supplies. A 6V battery charger 
should be clamped at 2.25V to 2.3V 
per cell, (6.8V max.) and current lim
ited to one-tenth of the capacity in 
amp/hours - such as 1A for a 10AH 
unit. Battery chargers should also be 
able to be left connected even if the 
mains fails, which requires some de
sign consideration so that the charger 
does not inadvertently discharge the 
battery if the mains is switched off. On 
the other hand, NiCad cells generally 
only need current limited chargers, 
but still benefit from voltage monitor
ing so as to switch the charger off if 
the voltage were to peak, indicating 
that the cells are 
fully charged.

Solar panels can 
be used to top up 
the battery, provid
ed that the power is 
similarly regulated. 
Some common 12V 
units can be used to 
charge 6V batteries 
with suitable regu
lation. One crude 
limiter would be 
a 6.8V Zener di
ode of at least 1W 
(depending on the 
output of the so
lar cell) connected 
across the battery 
and a series resistor 
of about 47 ohms, 
rated at least 5W.

Completion
Once everything 

is operational, 
build the board into
a project box to Testing the operation of the PCB prior to casing up

BE AWARE
HIGH VOLTAGES ARE 
GENERATED BY THIS 

CIRCUIT AND EXTREME CARE 
MUST BE TAKEN WHEN 

TESTING OR HANDLING THE 
CIRCUIT BOARD

prevent accidentally touching the 
high voltage tracks. There are four 
PCB mounting holes which should 
be drilled to take M3 screws. Plastic 
spacers can be used to stand the board 
off the chassis or box. If you use metal 
spacers, make sure that they do not 
touch tracks on the PCB. If they do, 
then use a fibre washer or thick card 
to insulate it.

There are a range of diecast and 
chassis type cases on the market, but 
you will need a rather large one, un
less you can find a long/narrow case, 
just to accommodate the length of 
the board. Larger ones should have 
room for a battery pack, or switch 
and so on. If you have access to metal 
bending equipment, you can make an 
aluminium case the right size. The 
battery leads and tube wires can be 
fed out through drilled holes, using 
grommets to protect the cable from 
the metal edges. EPE
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Regular Clinic

Circuit
Surgery
Ian Bell

Current Sources

User scott2734 recently asked about cur
rent sources on the EPE Chat Zone 

forum (access via www.epemag.co.uk):

My question is can you get a current 
source to test a real circuit? And if so, how 
does it just put current into the circuit with
out putting out some voltage?

I think the current sources in my textbook 
are imaginary, just to show you how to do 
the maths: Thevenin and Norton theorems. 
The schematics have a circle with an arrow 
inside it showing the direction of the current 
flow, but do not induce any voltage. I have 
seen constant current sources made out of a 
transistor, but do these induce, or put out 
any voltage ?

Most people are familiar with voltage 
sources (specifically batteries and the 
mains); unfortunately, there is no similar 
everyday commonplace current source. 
However, current sources are very important 
in electronic circuit design.

Although most electronics hobbyists 
probably do not include them in designs 
very often, they are to be found lurking 
inside almost every analogue IC (such as op 
amps). There are some applications where 
you might directly use a current source; 
these include LED drivers, ramp generators 
and battery chargers. We will look at the 
basic concepts, basic circuits and examples 
of ICs, which are based around current 
source circuits.

Current sources
As any electrical source ‘supplies’ both 

current and voltage if it is doing anything 
useful, so when we say current source we 
typically mean constant current source. 
Before we look in more detail at current 
sources it will help to look at voltage 
sources, so we can see some basic concepts 
in a more familiar context and then compare 
the two types of source (see Fig.1 for their 
symbols).

An ideal constant voltage source can out
put any current without the voltage chang
ing, or cutting out. As scott2734 suggests, 
ideal sources do not exist in the real world 
(this applies to both current and voltage 
sources); however, they can be useful in 
simplified calculations and simulations.

For example, when analysing circuits we 
often assume that the power supply is an 
ideal voltage source for simplicity. In prac
tice, of course, a battery’s voltage will drop 

if you connect a heavy load (low resis
tance), a bench power supply may cut out or 
limit the current when overloaded.

Ohm’s Law
To pursue this further we need to use 

Ohm’s Law - the basic relationship 
between current, voltage and resistance. 
This is V = I x R, or to find the voltage 
across a resistor (V in Volts) multiply the 
current through it (I in Amps) by the resis
tance (R in Ohms).

If we connect a voltage source to a resis
tor, as shown in Fig.2, it must produce a 
current given by I = V/R. If we connect a 
resistor with a very low value across the 
voltage source it must produce a very high 
current in order to satisfy Ohm’s law for the 
resistor.

Fig.1. Voltage and current source 
symbols. These represent ideal 
sources

Fig.2. Demonstrating Ohm’s Law

For example a 9 V battery with a 0.1Q 
resistor across it would ideally produce 90A 
(9/0.1 = 90), but a small battery like a PP3 
is just not up to the task! So what happens if 
the voltage source is not capable of produc
ing the required current? Is Ohm’s law bro
ken? The answer of course is no; what hap
pens is that the voltage source pushes out as 
much current as it can and its output voltage 
reduces to the point given by Ohm’s law for 
the load resistance and current involved.

Fig.3. Internal resistance of a real 
voltage source

Internal resistance
We can understand what is going on using 

the concept of internal resistance. Real volt
age sources can be thought of as comprising 
an ideal voltage source (with voltage VS) 
and a resistor (Rint), as shown in Fig.3.

So when we connect a resistor to a real 
voltage source, the current (I) flows through 
both resistors with some of the voltage 
dropped across both. The voltage at the ter
minals of the real source (Vout) therefore 
becomes smaller and smaller as R is 
reduced and a greater proportion of VS is 
dropped across Rint. The internal resistance 
limits the maximum output current to 
VS/Rint, at which point Vout is zero. In prac
tice we cannot physically separate the volt
age source and internal resistance.

A battery’s internal resistance is notice
able as a drop in voltage as we decrease 
load resistance, and as its internal resis
tance increases over its service life the 
resistance tends to get worse as the bat
tery is used up.

The effective internal resistance of bench 
power supplies (and regulator chips) can be 
made very small using (feedback) control cir
cuits. Basically they monitor Vout and effec
tively change VS so that Vout remains con
stant, compensating for the drop across Rint. 
This cannot go on forever of course, because 
at some point we reach the maximum current 
or voltage rating of one or more of the power 
supply’s internal components.

So bench power supplies can sometimes 
deliver the same voltage (with little droop
ing) until some maximum current, at which 
point they cut out. Here, due to the active 
control circuitry, the maximum output cur
rent may be much less than that implied by 
the internal resistance (VS/Rint) as we dis
cussed before. Thus, a good bench power 
supply may be a good approximation of an 
ideal voltage source, but only over a limited 
range of currents.
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Limitations
By now you may have guessed that an 

ideal current source outputs a particular cur
rent irrespective of the voltage, and that real 
current sources are limited in some way. 
Real current sources also have internal 
resistance (see Fig.4), but it appears in par
allel with an ideal current source and is usu
ally very large.

The internal resistance of the current 
source limits its output voltage to ISRint, at 
which point Iout is zero. Real current sources 
may also have a limited range of voltages 
over which they can operate (sometimes 
called compliance), determined by factors 
other than the internal resistance (in a simi
lar manner to the bench power supply 
described earlier).

Fig.4. Internal resistance of a real 
current source

When we include an (ideal) voltage 
source on a schematic we do not write a cur
rent by it because it can output any current. 
Similarly, when we include an (ideal) cur
rent source on a schematic we do not write 
a voltage by it because it can output any 
voltage.

If we short a current source then, unlike 
a voltage source, it has no problem - its 
output current simply flows through the 
wire. If we connect a large resistance 
across an ideal current source, then, by 
Ohm’s Law, it must develop a large voltage 
across the resistor. For example, if we con
nect a 1MQ resistor across a 1mA current 
source it would have to produce 1000V 
across the resistor to maintain the required 
current. If a current source is open circuit 
then it cannot operate (unless it can pro
duce arcing!).

Ideal conditions
An ideal voltage source delivers infinite 

current to a short circuit, and an ideal cur
rent source produces infinite voltage across 
an open circuit. Note the opposites here: 
voltage sources have an ‘easy life’ with 
open circuits and a ‘hard time’ with short
circuits, for current sources it is the other 
way round.

Current sources connected to ground, 
through which current flows to ground, are 
sometimes called current sinks (See Fig.5).

Fig.5. Current sources and sinks

Thevenin and 
Norton

In his question scott2734 
mentions the Thevenin 
and Norton theorems. 
Thevenin’s theorem states 
that any network of current 
sources, voltage sources 
and resistors, which has 
two output terminals, can 
be represented as a single 
ideal voltage source with a 
single series resistance (as 
in Fig.3). This is known as 
the Thevenin equivalent 
circuit. Norton’s theorem is 
similar except that the 
equivalent circuit comprises an ideal current 
source and a parallel resistor (as in Fig.4).

It is possible to convert between the 
Thevenin and Norton equivalents. The inter
nal resistor value Rint is unchanged and the 
source values are calculated using:

VTh = INoRint

INo= VTh/Rint

in which the subscripts for the sources Th 
and No refer to the Thevenin and Norton 
equivalent circuits respectively.

For example, if we have a 9V battery with 
a 2Q internal (series) resistance this is 
equivalent to a 4.5A current source with a 
2Q internal parallel resistance. We can 
check that these are indeed equivalent by 
calculating what happens when we connect 
a load resistor across the terminals. If we 
use 400Q in both cases we get a current of 
22.4mA through the load resistor and a volt
age of 8.96V across it, reduce the load to 
300Q and we get 29.8mA and 8.94V.

We see these voltages are very close to 
the Thevenin equivalent voltage, but a long 
way from the Norton equivalent current, 
with the change in load causing a large 
proportional change in load current 
(+33%), but changing the load voltage only 
a little (— 0.2%). As we might expect, our 
battery is behaving as a reasonable con
stant voltage source, but as a very poor 
constant current source.

Thevenin and Norton equivalent circuits 
are used in circuit analysis to reduce com
plex circuits to a simpler representation for 
the purpose of further analysis. Using one or 
the other equivalent does not imply a circuit 
acts anything like an ideal current or voltage 
source; but if you do find these equivalent 
circuits, the internal resistance value will 
indicate if the circuit may behave more like 
one ideal than the other.

Transistor current source

a) TRANSISTOR AS A 
CURRENT SOURCE

Transistors provide us 
with a ready means of 
creating a current source. 
Bipolar transistors work 
by using a voltage at the 
base to control the cur
rent flowing from collec
tor (c) to emitter (e). If 
we make the voltage on 
the base (b) of a transis
tor constant we get a con
stant collector current, so 
the collector is the output 
of a current source (see 
Fig.6a).

a) PUSH A CURRENT 
INTO THE COLLECTOR

b) POSSIBLE CIRCUIT 
BASED ON a)

Fig.6. The transistor as a current source

You may be thinking that it is the base 
current which controls a transistor’s collec
tor current, but there is a fixed relationship 
between base-emitter voltage and collector 
current, so a given base voltage results in 
particular base current. The reason we often 
think in terms of base current is the simple 
relationship between base current and 
collector current (the transistor’s current 
gain), whereas the base-voltage to collector
current relationship involves an exponential 
equation.

We could obtain a fixed voltage for our 
transistor’s base using a potential divider 
(see Fig.6b). This circuit does not work very 
well because the current changes with tem
perature - all semiconductor devices such as 
diodes and transistors are very temperature 
sensitive. The current will also change quite 
a bit if the supply voltage changes due to the 
exponential base-voltage to collector cur
rent relationship.

A better approach uses another transistor. 
If we ‘push’ a current into the transistor’s 
collector at the same time as providing it 
with some means of taking whatever base 
current it needs, then a particular base volt
age will develop (see Fig.7a). This may 
seem a bit strange as we normally think of 
the collector as the output, however, there is 
a one-to-one mathematical relationship 
between base-emitter voltage and the col
lector current; so if we control one, we con
trol the other.

If we combine the ideas in Figs 6a and 7a 
we arrive at the circuit in Fig.7b. In this cir
cuit, a current is pushed into transistor TR1, 
causing a certain voltage at its base. The sec
ond transistor has the same base-emitter 
voltage as the first transistor because their 
bases and emitters are connected.

Current mirror
If the two transistors in Fig.7b are identi

cal, then because their base-emitter volt
ages are the same they will have the same 
collector current (except for a small error

b) COMBINE FIG. 6a (TR2) 
AND 7a (TR1) TO PRODUCE 
A CURRENT MIRROR

Fig.7. Producing a current mirror circuit
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due to the base current of TR1). 
This circuit is known as a current 
mirror - circuits like this are very 
important in analogue integrated 
circuit design. Current mirrors 
take a current and produce a copy 
of it.

What exactly do we mean by 
identical transistors? Transistors 
are identical, or more realistically 
very similar (known as matched 
transistors), if they have the same 
parameters (gain etc.) and the 
same physical conditions (tem
perature etc.). This can be 
achieved by making them the 
same size and shape and close 
together on the same piece of sili
con. Chip designers know various 
tricks to make sure transistors are 
closely matched.

Fig.8. Current source based on a current mirror.
Transistors TR1 and TR2 are a matched pair.

have to supply a fixed refer
ence current as Iin in Fig.7b. It 
turns out that this is quite easy 
to do; all we need is a resistor 
from the supply to the collec- 
tor/base of TR1 (see Fig.8). To 
calculate the value of R we 
assume that the base-emitter 
voltage of the transistor VBE is 
fixed, and in the range of 0.6 
to 0.7V, the output current is 
then:

Iout = (Vcc — Vbe)/R

Next month, we will look at 
some more details of current 
source circuits and then consid
er some current source applica-

We now have a current mirror, but not a tions and the ICs that can be used to imple-
current source. To get a current source we ment them.

www.epemag.co.uk
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New Low Price!

electronic design ltd
Atlas DCA

Atlas SCR^^ Atlas LCR^JAtlas SCR-Model SCR100 
Triac and Thyristor Analyser 
Auto lead identification. Auto gate test 
current from 100uA to 100mA.

Atlas LCR - Model LCR40 
Automatic LCR Analyser 
Automatic part identification, automatic 
frequency selection and auto ranging!

Handheld Test Gear, Cool..... Smart

Atlas ESR - Model ESR60 
ESR and Capacitance Meter 
Measures capacitance, ESR (in-circuit too!). 
Automatic controlled capacitor discharge!

Atlas DCA - Model DCA55 
Semiconductor Analyser 
Identifies type and pinout! Connect any way 
round. Measures gain, junction 
characteristics and more.

Peak Electronic Design Ltd 
West Road House, West Road, 
Buxton, Derbyshire, SK17 6HF. 
tel. 01298 70012 fax. 01298 70046 

www.peakelec.co.uk sales@peakelec.co.uk Please add £1.00 p&p per order. Prices include UK VAT. See website for overseas prices.
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MAGENTA
ELECTRONICS LTD

135 Hunter Street Burton on Trent Staffs DE14 2ST
Tel: 44 (0)1283 565435 Fax: 44 (0)1283 546932

Chips, Parts 
& Kits for 
EPE Projects 
Programmed PICs and 
chips for most EPE 
projects.
Check our website or 
‘phone for prices.
We have supplied kits 
for EPE*projects for 
almost 30 years!!
(& Everyday Electronics)

20W Stereo Amp.
Wide band Low distor
tion 11W /channel 
Stereo 20W Mono. True 
(rms) Real Power

Short Circuit & Overheat 
Protected. Needs 8 to 
18Vsupply.
(Kit: inc. all parts & heatsink 
for stereo or mono)

KIT 914- £11.90

Top Kits.
ICEbreaker PIC16F877in - cir
cuit emulator - Kit 900.... £34.99
1kV/500V Insulation Tester
Inc. drilled case -Kit 848.. £32.95
Pipe Descaler - High Power 
with led monitor - Kit 868..£22.95

Latest Technology
- Stable, Reliable, 
high performance

Ultrasonic PEsT Scarer ran
dom 32k pulses Kit867..£19.99

P-I Metal Detector Micro based 
design - sensitive Kit847..£63.95

MAGENTA Bat Detectors 
Our original famous KIT detector 
KIT 861...£37.99 & See the new 
built MkIIb and MKIII on the web.

All Prices Include VAT, Add £3.00 P&P per order, or £7.99 for next 
day. Chqs. P.O. & most major cards accepted. Mail Order Only.

MAGENTA www.magenta2000.co.uk
s ales@magenta2000.co.uk

SHERWOOD ELECTRONICS
Buy 10 x £1 Special Packs and choose another one FREE

SP1 15 x 5mm Red LEDs
SP2 12 x 5mm Green LEDs
SP3 12 x 5mm Yellow LEDs
SP5 25 x 5mm 1 part LED clips
SP6 15 x 3mm Red LEDs
SP7 12 x 3mm Green LEDs
SP8 10 x 3mm Yellow LEDs
SP9 25 x 3mm 1 part LED clips
SP10 100 x 1N4148 diodes
SP11 30 x 1N4001 diodes
SP12 30 x 1N4002 diodes
SP18 20 x BC182B transistors
SP20 20 x BC184B transistors
SP23 20 x BC549B transistors
SP24 4 x CMOS 4001
SP25 4 x 555 timers
SP26 4 x 741 Op Amps
SP28 4 x CMOS 4011
SP29 4 x CMOS 4013
SP33 4 x CMOS 4081
SP34 20 x 1N914 diodes
SP36 25 x 10/25V radial elect. caps.
SP37 12 x 100/35V radial elect. caps.
SP38 15 x 47/25V radial elect caps
SP39 10 x 470/16V radial elect. caps.
SP40 15 x BC237 transistors
SP41 20 x Mixed transistors
SP42 200 x Mixed 0^25W C.F. resistors
SP47 5 x Min. PB switches
SP49 4 x 5 metres stranded-core wire
SP102 20 x 8-pin DIL sockets
SP103 15 x 14-pin DIL sockets
SP104 15 x 16-pin DIL sockets
SP109 15 x BC557B transistors
SP112 4 x CMOS 4093
SP115 3 x 10mm Red LEDs
SP116 3 x 10mm Green LEDs
SP118 2 x CMOS 4047
SP124 20 x Assorted ceramic disc caps
SP126 6 x Battery clips - 3 ea. 

PP3 + PP9
SP130 100 x Mixed 0^5W C.F. resistors
SP131 2 x TL071 Op Amps
SP133 20 x 1N4004 diodes
SP134 15 x 1N4007 diodes

SP135 5 x Miniature slide switches
SP136 3 x BFY50 transistors
SP137 4 x W005 U5A bridge rectifiers
SP138 20 x 2^2/63V radial elect. caps.
SP142 2 x CMOS 4017
SP143 5 Pairs min. crocodile clips 

(Red & Black)
SP144 5 Pairs min.crocodile clips 

(assorted colours)
SP146 10 x 2N3704 transistors
SP147 5 x Stripboard 9 strips x 

25 holes
SP151 4 x 8mm Red LEDs
SP152 4 x 8mm Green LEDs
SP153 4 x 8mm Yellow LEDs
SP154 15 x BC548B transistors
SP156 3 x Stripboard, 14 strips x 

27 holes
SP160 10 x 2N3904 transistors
SP161 10 x 2N3906 transistors
SP164 2 x C106D thyristors
SP165 2 x LF351 Op Amps
SP166 20 x 1N4003 diodes
SP167 5 x BC107 transistors
SP168 5 x BC108 transistors
SP172 4 x Standard slide switches
SP173 10 x 220/25V radial elect. caps
SP174 20 x 22/25V radial elect. caps
SP175 20 x 1/63V radial elect. caps.
SP177 10 x 1A 20mm quick blow fuses
SP178 10 x 2A 20mm quick blow fuses
SP181 5 x Phono plugs - asstd colours
SP182 20 x 47/63V radial elect. caps.
SP183 20 x BC547B transistors
SP186 8 x 1M horizontal trimpots
SP189 4 x 5 metres solid-core wire
SP192 3 x CMOS 4066
SP195 3 x 10mm Yellow LEDs
SP197 6 x 20-pin DIL sockets
SP198 5 x 24-pin DIL sockets
SP199 5 x 2^5mm mono jack plugs
SP200 5 x 2^5mm mono jack sockets

Measure, 
Test & Control

PC based
measure 
& control 
units.
Analogue/ 
Digital IO, 
data 
loggers 
from £49

Budget 
Test 
Equipment 
Scopes 
Multimeters 
Function 
Generators 
from £99

RESISTOR PACKS - C.Film
RP3 5 each value - total 365 0^25W £3.40
RP7 10 each value - total 730 0^25W £4.65
RP10 1000 popular values 0^25W £6.60
RP4 5 each value - total 305 0^5W £4.20
RP8 10 each value - total 610 0^5W £6.85 
RP11 1000 popular values 0^5W £8.95

2008 Catalogue available £1 inc. 
P&P or FREE with first order. 
P&P £1.75 per order. NO VAT 

Cheques and Postal Orders to: 
SHERWOOD ELECTRONICS, 

10 NEWSTEAD STREET, 
MANSFIELD, NOTTS. NG19 6JJ

Robot and 
Controller 
Kits - 
Micros, 
LCD, 
Relay 
boards 
Free 
Software
From £29

PC Weather 
Stations 
Wind speed, 
direction, 
temp, 
humidity, 
rainfall 
Free 
software
From £59

AAG

Learn more at www.audon.co.uk

nUDOR Electronics
www.audon.co.uk | +44 (0)115 925 8412 | Fax +44 (0)115 925 9757
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MUffl Throve Conti Jl for
Are you into PC flight simulators? Find the control 
your typical controllers give you just a bit less than 
satisfying? Take a step up: add this very simple multi 
throttle controller and start flying with the big boys...

THIS PROJECT SHOWS how to 
construct a ‘bare bones’ throt
tle controller for up to four 
engines. It is essentially a 4-axis, 

4-switch analogue controller, which 
plugs into a standard PC games port, 
or can be expanded for those modern 
computers without one, to connect 
via a USB port.

Make no mistake, ‘flight sims’ (FS) 
and many ‘flight combat games’ (FCG) 
are complex software applications.

You’ll typically learn to master them 
by throttling all engines (assuming 
a multi-engine plane!) by the same

By Robert Gott 

amount at the same time. But as any 
pilot will tell you, that is simply not 
realistic. You need to be able to control 
the engines individually.

Before we proceed further, a few 
words about controlling flight simula
tors are appropriate. A twist-handle 
USB joystick (4 axes - aileron, pitch, 
rudder and throttle) is absolutely 
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essential, even for the beginner. Taxi
ing, take-offs and landings are pretty 
miserable without proper rudder 
control on the joystick.

Don’t be tempted to buy cheap basic 
joysticks. You’ll regret it! Common 
good brands are: Microsoft, CH, Saitek 
and Logitech. All of these now use the 
USB port.

Assuming you’ve mastered the 
basics of flying using one throttle 
control that varies all engines’ RPM 
simultaneously, it’s now time to pro
ceed to individual throttle control. 
Unfortunately, though, that control is 
not available on typical joysticks.

That’s where this project comes in. 
It allows the ‘pilot’ (you!) to vary the 
individual engine speed (measured in 
revolutions per minute or RPM) using 
Microsoft’s proprietary Control Panel 
settings in Windows. It would be won
derful if Microsoft would embody say 
eight or sixteen arbitrary ‘axis’ and the 
same number of ‘buttons’ in their next 
incarnation of Windows, but for the 
moment 4 + 4 is the best available.

Proprietary Throttle Quadrants 
such as CH USB 300-133 (shown 
above) use their own software, but the 
cost is almost as high as the planes fly 
- circa US$150! With this project, we 
will achieve a modicum of reasonable 
results - but much cheaper.

In fact, we believe it should cost no 
more than about £14 or so: four pounds

iHH
r

for the four pots, a similar amount for 
the four switches and the balance for a 
box to put it all in. You’ll also need a 
multi-way cable with a 15-way D-con- 
nector, but these can often be sourced 
from the junk box. OK, if you want to 
go all out and add knobs and a fancy 
label, you might stretch it to £16 - but 
not much more.

The games
Many of the older excellent games, 

like the renowned ‘European Air 
Wars’ by Microprose, or ‘Battle of 
Britain’ and ‘Red Baron 3D’ by Sierra, 
will not now install or run properly 
in Windows XP Pro, the author’s

If you have the ‘readies’, this 
comme rcial throttle unit (CH 
USB 300-133) is regarded as 
one of the best around. Ours is 
just a tad simpler and a whole 
lot less expensive!

OS. Sometimes, a game will run in 
Windows ‘Compatibility’ mode. (Right 
click desktop games icon >PROPERTI 
ES>COMPATIBILY>follow prompts.)

Other software - called ‘Wrappers’ 
- try to emulate the original game 
playing software, not very success
fully in the author’s experience. The 
FS table, which is by no means ex
haustive, gives some hints and where 
this project will work, the author has 
personally tested the games using 
Multi Throttle.

PC Hardware and software.
My PC is a four-year-old AMD 

XP1800+, with 768MB RAM, 64MB

PC M »
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GF3 Ti 200 AGP with games port, USB 
1.1 and USB 2.0 sockets. The joystick 
is a Microsoft Sidewinder Precision 
Pro USB (Twist stick rudder control) 
running Windows XP Pro with SP1 
and DirectX (9c). The Multi Throttle 
unit has not been tested with Win
dows 98SE, but the joystick configura
tion in Control Panel may work.

Note: older PCs with integral graph
ics (no separate graphics card) may

Parts List - 
Flight Sim Multi Throttle
1 ABS box, size 130 x 70 x 45mm 

approx.
4 100kW rotary carbon potenti

ometers, linear
4 knobs to suit pots, with index 

lines or pointers.
4 SPST toggle switches (low 

voltage)
1 plastic cable clamp
1 10mm M3 screw, washer and 

nut
1 1.8m 15-way D-connector male- 

to-female game cable extension, 
or 2m D15 PC joystick extension 

cable (eg Maplin TA50E)
1 D15 to USB Converter, if 

required (eg Maplin UA22Y)

struggle to play the named games 
anywhere near fully optioned. Modern 
PCs are better, but even Celeron and 
Sempron PCs, with integrated graph
ics, may use main swap memory and 
struggle with the latest FS.

Here’s a view inside the ‘opened out’ controller

To be realistic, any PC older than 
a Pentium II 350MHz would not do 
justice to many, if any, of the games 
listed here.

Construction
There’s not much to construction 

- no PC board, no difficult wiring. 
That’s mainly because there are few 
components - just the four switches 
and four pots wired to the 15-way 
D-connector.

Using the photographs as a guide, 
mount the hardware first, because the 
wiring simply connects between it. Any 
plastic box of about 130(W) x 70(D) x 
45mm(H) or larger will suffice.

Position the potentiometers and 
switches on the lid, allowing for the 
size of chosen knobs and enough clear
ance for your fingers. Mark out and 
drill appropriate holes, four each for 
the pots and switches.

Drill one hole in the preferred end 
of the box for the 15-core cable. It’s 
best to secure the cable with a cable 
clamp, which will need an extra hole. 
If you normally use a joystick with 
your right hand, then the controller 
is best placed with the cable on the 
left side for use with your left hand. 
Mount the components and push on 
the indexed knobs.

Next, prepare the cable using the 
commercial games extension cable.
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Flight simulators and combat flying games
Game/Publisher Windows 

version
API: Direct X 
OpenGL, 3DFX

CPU: Pentium or 
equiv AMD

Playable 
multi-engines 
2 or 4

Tested with 
Multi Throttle?

Comments

FS 2004, Microsoft XP DX 9.0c P4 or AMD64 2 and 4 No, but should 
be OK

Should work OK - needs latest 
mid-price graphics card minimum.

FS 2002, Microsoft 98 ME XP DX 8.0a P4 2 and 4 Yes Needs good graphics card, plenty 
of memory.

Wings of War, Gathering 98 ME XP DX 9.0 P4 1.8G None Yes n/p 
*

GeForce 4 graphics; pity 2 engines 
not playable

B17 Flying Fortress, Atari 95 98 ME XP DX 8.0 P3 800 2 and 4 Yes Fantastic game with realistic crew

CFS 3, Microsoft 98 ME XP DX 8.1 P4 2 Yes Battle for Europe

CFS 2, Microsoft 95 98 ME DX 7.0a P3 600 2 Yes Pacific theatre

CFS 1, Microsoft 95 98 DX 6.0 P3 600 None Yes n/p 
*

European theatre, will not work 
with Multi Throttle connected 
to PC

FS98, Microsoft 95 DX 5.0 P2 350 2 No

IL2 Sturmovik 
Forgotten Battles, Ubisoft

98 ME XP DX 8.1 
OpenGL

P3 800 2 and 4 Yes n/p 
*

Pentium III 800 or above, GeForce 
3 or 4 or above

IL2 Sturmovik, Ubisoft 98 ME XP DX 8.1 P3 600 2 Yes n/p 
*

GeForce 2 card or above

Flanker 2 98SE ? P4 2 No Screen lock-up, try XP

F18E 98SE DX 6.1 P3 600 2 No Will NOT play in Win XP

F22 98SE ? P3 600 2 No Demo played OK

Red Baron 3D 95 98SE 
Not XP

DX 5.0 3DFX P2 350 None Yes n/p Run in compatibility mode for 
Win 98SE

European Air Wars, Microprose 98SE 3DFX 
DX 6.0

P2 350 2 Yes n/p 
*

Will play in Direct X

Crimson Skies, Microsoft 95 ME XP DX 7.0a P3 800 2 Yes n/p NOT Win 98 or SE

Flight Unlimited II 98SE OpenGL P3 800 2 No Not Win XP

Battle of Britain 98SE ? P3 800 ? No Will NOT play in Win XP

Notes
n/p = not possible as tested by author: 
Multi Throttle configuration is NOT possible in this game.

API = Application Programme Interface; software written for 
games. Note: The minimum version of Direct X required is indicated. 
Sometimes the game plays only or best in that version, but as the 
latest version is supposed to be backward compatible, ALWAYS use 
the latest version first. Most Microsoft games play with Direct X 9.0c, 
the latest version at the time of writing. The other two common APIs 
are 3DFX Glide and OpenGL.

CPU = Intel or AMD minimum recommendation to play reasonably 
well optioned.

MEMORY: 512MB absolute minimum.

OPERATING SYSTEM (OS): Although Windows 95 is listed above, it 
must be ORS2 to work with USB. Quite frankly, Win95 is now so old 
hat that it should be avoided where possible. Win 98SE is much better, 
while Win98Me is quirky!

ENGINES: By implication, ALL games listed have SINGLE engine 
aeroplanes. Only those games listed in the ‘Multi-engines’ column 
have flyable aircraft.

* Do NOT connect the Multi Throttle unit to the PC as it causes wrong 
configuration, so I found - and the joystick does not get the correct 
assignments. (If you really must stick your neck out, install and try the 
game without the Multi Throttle first. If everything works OK then plug 
in Multi Throttle. Should you not be able to juggle the assignments 
satisfactorily, unplug Multi Throttle, uninstall then reinstall the game. 
You’re on your own!)
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ENGINE 1 
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ENGINE 2 
100k UN

4*0 o o

ENGINE 3 
100k UN

ENGINE 4 
100k LIN

D15 PLUG
Here’s the complete wiring 
diagram - with a matching photo 
below to make wiring really simple!

WARNING: Before you cut the cable, 
use a test meter or battery and lamp 
to check that all 15 conductors are 
wired.

Ensure that you chop off the un
wanted end(!). Leave about 250mm of 
cable connected to the socket, because 
you may find a use for the discarded 
bit (like wiring wire!), and remove a 
generous 150mm or so outer sheath, 
and strip off 3mm of insulation on all 
the conductors.

Now trace out which colours go to 
which pins on the 15-way D games 
port plug.

The colours shown on the circuit 
and wiring diagrams were those on the 
prototype, but we cannot guarantee all 
cables/connectors will be the same. 
So, double check which coloured wire 
goes to which pin, and if necessary 
correct the circuit and wiring diagrams 
to avoid later confusion.

The circuit is basically standard 
game port wiring without using the 
MIDI terminals, therefore only 10 
wires out of the 15 are employed.

The five 15-way D-connector pins 
not used are pins 5, 8, 9, 12 and 15. 
Identify which wires go to these pins 
and chop off the bared 3mm on the 5 
unwanted conductors to minimise the 
chance of short circuits.

Anchor the cable inside the box 
with a plastic cable clamp, then sol
der the wires as shown in the circuit 
diagram and wiring diagram.

The logical designation of pots and 
switches is: left to right equals port 
(left) to starboard (right) engines.

Calibration
Check and double check your wir

ing and if satisfied, plug the 15-way 
connector into the games port of your 
computer when it is turned off. When 

you switch on your PC - assuming 
Windows XP Home or Pro - it will 
detect new hardware.

You may follow the prompts, but 
the preferred method is to CANCEL 
the automatic install and proceed as 
follows: CONTROL PANEL>GAME 
CONTROLLERS>ADD>CUSTOM 
>JOYSTICK>AXES 4>BUTTONS 
4>CONTROLLER NAME (what 
you want to name the control
ler is up to you - I called mine 
RobertMultiThrottle)>OK.

Reboot the PC and ensure that the 
new controller is listed in GAME 
CONTROLLERS and its STATUS is 
OK. We assume your joystick or any 
other controller attached shows STA
TUS OK also.

So far, so good! Now calibrate the 
Multi Throttle exactly the same as you 
would a joystick.

As previously mentioned, don’t be 
too worried whether clockwise rota
tion of your pots give exactly what 
you expect.

It is important that the full excur
sion of the axes is recognised and 
saved. Similarly, the switches need to 
be recognised as the relevant 1,2,3,4.

Flight sim assignments
It is beyond the scope of this simple 

project to give more than a few hints. 
Most who ‘fly’ the games listed earlier 
will have some, if not good experience 
of changing keyboard and joystick 
assignments. It is largely a matter of 
experiment. What follows is mainly 
for beginners.

When a game is installed it usu
ally loads its default or standard 
CONFIGURATION of controls. 
Unless you tell it otherwise, often 
the joystick will be detected as the 
primary controller.

However, with other controllers 
connected, when assignments are 
altered in ‘preferences’ or ‘options’, 
then to alleviate the frustration of set
ting up every time the game is played, 
many games allow you to SAVE the 
CONFIGURATION with a new given 
name, say Multi Throttle. If this is 
not automatically the default when 
you next play the game, then select 
it manually.

USB operation
For those PCs without a games 

port, simply plug the Multi Throt
tle unit’s 15-pin D-plug into a USB 
converter D-socket, then plug the
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Flying a B17
This is chosen to demonstrate assignments, as it is typical of 

the user-friendly type of icon based games. (ie, non-menu type) It 
is also a very cheap re-released game with four propeller engines. 
Actual crew can be seen and moved around in the fuselage. A 
truly exciting game if you are not a die-hard purist simmer! Using 
the default assignments, the Multi Thottle unit switches appear 
to work immediately as ‘Select Engine 1 - 4’. If not, reconfigure 
as such.

Throttles wired as previously mentioned, clockwise potentiome
ter rotation gives 100k-0k, which configures in ‘Engine One Throttle’ 
= ‘Axis #1 (X), Controller #2, Normal.’ ‘Normal’ means that with 
clockwise pot rotation, the propeller increases RPM. Configure the 
other three throttles similarly.

Note: step-by-step instructions for ‘Engine One Throttle.’ Click 
on ‘Engine One Throttle’ and it highlights. In the opposite panel, 
click on ‘Axis’. As it scans, rotate the Engine 1 pot fully a couple 
of times. This will be detected as shown.

In B17 all propellers turn the same way - clockwise, as seen by 
the pilot. This is not always the case. Some twin engine aeroplanes 
have the propellers turning in opposite directions to counter the 
torque effect. With a Lancaster bomber (A FS2004 add-on) the pull 
to port must be countered by opposite rudder or decrease starboard 
revs - not something you would do with maximum bomb load!

In the early days, getting B17 engines to start caused the 
author great frustration. At the bottom RHS of the game screen is 
an icon - a picture (gif) - of a PC. This means that the PC is on 
AUTOMATIC and controls the flight. Press keyboard key ‘M’ and the

icon changes to a hand meaning - you’ve guessed it! - MANUAL 
control. At this point in external view, select Engine 1 on the Multi 
Throttle unit, RPM minimum, then press key ‘A’.

From this point, B17 controls the start procedure beginning 
‘Master Switch ON’, etc, finally ‘meshing’ (cranking!) and away 
she goes. To stop an engine, again select the appropriate switch 
on Multi Throttle, then press key ‘S’. B17 controls selected engine 
shut down. Feathering, so that propeller stops windmilling, press 
key ‘D’. Now you are cooking with gas!

FS2002
This is a much more sophisticated simulator, used for ‘real 

life’ flying rather than a game. (FS2004 is similar) They are not 
as user friendly as other icon based set-ups, but their menu type 
assignments are very comprehensive.

With a little trial and error, the Multi Throttle unit is fairly easy 
to configure. The basic FS2002 has two- and four-engine jet en
gine planes, but no such prop models. The Lancaster bomber, as 
previously mentioned, is an add-on.

Rather than the B17’s style (top right), Microsoft uses ‘tabs’ 
and drop down menus to choose between joystick or keyboard as
signments. It also has a separate window for setting sensitivities 
and deadbands, and many more keyboard commands.

Observe ‘Joystick type’ shown in right screenshot. Note that Rob- 
ertMultithrottle has been selected. In the ‘Assignment list’ Microsoft 
specifies a throttle as an axis. Click on ‘Engine 1 Throttle axis.’ It 
highlights. Click on ‘Change assignment.’ Rotating Throttle 1 poten
tiometer will cause the x-axis to be recognised. Save the assignment. 
Engines 2, 3 and 4 are recognised as y-axis, Throttle and Rudder (not 
visible) respectively. It may be necessary to use the ‘Reverse’ mode 
(shown checked - an X within the box) to get correct throttle increase 
(clockwise=increase RPM).

converter USB plug into any PC 
USB port. The green object on the 
left side of the desk (opening photo) 
is such a converter. It happens to be 
from Maplin (UK), but they are also 
often seen on eBay and other places 
on the net.

Set the converter to MODE 3 before 
booting the PC.

Conclusion.
The Multi Throttle Controller gives 

added interest to flight sims at little 
extra cost and may overcome the 
problem of ‘no games port’. The Multi 
Throttle unit may work with other 
flying games, but ask the retailer to 
verify before purchase or check the 
websites.

I’m not an expert on flight Sims, and 
I’m still grappling with their complexities! 
However, the ability to control engine 
RPM individually has given me a real 
buzz and makes ‘flying’ that much more 
pleasurable. Happy simming! EPE

Reproduced by arrangement with 
SILICON CHIP magazine 2008. 

www.siliconchip.com.au
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS
ELECTRONICS PROJECTS

Logic Probe testing

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included.
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM.

ELECTRONICS 
CAD PACK

ELECTRONIC CIRCUITS & COMPONENTS V2.0

Circuit simulation screen

Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols.
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams.
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets.

ANALOGUE ELECTRONICS

Complimentary output stage

Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics.The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits.
Sections on the CD-ROM include: Fundamentals - Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
- 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers - Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters - Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators - 6 sections from 
Positive Feedback to Crystal Oscillators. Systems - 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos.

PCB Layout
Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc.The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists.

ROBOTICS & 
MECHATRONICS

Virtual laboratory - Traffic Lights

DIGITAL ELECTRONICS V2.0
Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen.
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables - including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors - architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded inVersion 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions.

Case study of the Milford 
Instruments Spider

ANALOGUE FILTERS

Filter synthesis

Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain how 
filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active filters. 
Passive Filter Design which includes an expert system and filter synthesis tool 
for the design of low-pass, high-pass, band-pass, and band-stop Bessel, 
Butterworth and Chebyshev ladder filters. Active Filter Design which includes an 
expert system and filter synthesis tool for the design of low-pass, high-pass, band
pass, and band-stop Bessel, Butterworth and Chebyshev op.amp filters.

Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed.The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier.The 
Institutional versions have additional 
worksheets and multiple choice questions. 
• Interactive Virtual Laboratories 
• Little previous knowledge required 
• Mathematics is kept to a minimum and 

all calculations are explained
• Clear circuit simulations

PRICES
Prices for each of the CD-ROMs above are:

(Order form on third page)

Hobbyist/Student................................................................£45 inc VAT
Institutional (Schools/HE/FE/Industry)............... £99 plus VAT
Institutional 10 user (Network Licence)...........£249 plus VAT
Site Licence........................................................................£499 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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PICmicro TUTORIALS AND PROGRAMMING
------------------------------------------------------------- HARDWARE ---------------------------------------------------------------

VERSION 3 PICmicro MCU 
DEVELOPMENT BOARD

Suitable for use with the three software packages 
listed below.

This flexible development board allows students to learn 
both how to program PICmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices from the 
12, 16 and 18 series PICmicro ranges. For experienced 
programmers all programming software is included in the 
PPP utility that comes with the development board. For 
those who want to learn, choose one or all of the packages 
below to use with the Development Board.• Makes it easier to develop PICmicro projects• Supports low cost Flash-programmable PICmicro devices • Fully featured integrated displays - 16 individual l.e.d.s, 

quad 7-segment display and alphanumeric l.c.d. display• Supports PICmicro microcontrollers with A/D converters• Fully protected expansion bus for project work• USB programmable• Can be powered by USB (no power supply required)
£158 including vat and postage, supplied with usb cable and 
programming software

£40 OFF Buy the Development Board together with any Hobbyist/Student or Institutional versions of 
the software CD-ROMs listed below and take £40 off the total (including VAT) price.

ASSEMBLY FOR PICmicro
V3

(Formerly PICtutor)
Assembly for PICmicro microcontrollers V3.0 
(previously known as PICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PICmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro micro
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PICmicro MCU as each instruction is 
executed which enhances understanding.• Comprehensive instruction through 45 
tutorial sections • Includes Vlab, a Virtual 
PICmicro microcontroller: a fully functioning 
simulator • Tests, exercises and projects 
covering a wide range of PICmicro MCU 
applications • Includes MPLAB assembler • Visual representation of a PICmicro 
showing architecture and functions • 
Expert system for code entry helps first time 
users • Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) • Imports 
MPASM files.

SOFTWARE
‘C’ FOR 16 Series PICmicro

VERSION 4
The C for PICmicro microcontrollers CD
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PICmicro devices - 
including a full C compiler for a wide range 
of PICmicro devices.
Although the course focuses on the use of 
the PICmicro microcontrollers, this CD
ROM will provide a good grounding in C 
programming for any microcontroller.• Complete course in C as well as C 
programming for PICmicro microcontrollers • Highly interactive course • Virtual C 
PICmicro improves understanding • 
Includes a C compiler for a wide range of 
PICmicro devices • Includes full Integrated 
Development Environment • Includes 
MPLAB software • Compatible with most 
PICmicro programmers • Includes a 
compiler for all the PICmicro devices.

Minimum system requirements for these 
items: Pentium PC running Windows 98, 

NT, 2000, ME, XP; CD-ROM drive; 
64Mb RAM; 10MB hard disk space.

FLOWCODE FOR PICmicro V3
Flowcode is a very high level language 
programming system for PICmicro 
microcontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex systems in a matter of minutes. A 
Powerful language that uses macros to 
facilitate the control of devices like 7-segment 
displays, motor controllers and l.c.d.’s. The 
use of macros allows you to control these 
devices without getting bogged down in 
understanding the programming.
Flowcode produces MPASM code which is 
compatible with virtually all PICmicro 
programmers. When used in conjunction 
with the Version 3 development board this 
provides a seamless solution that allows 
you to program chips in minutes.• Requires no programming experience • 
Allows complex PICmicro applications to be 
designed quickly • Uses international 
standard flow chart symbols • Full on
screen simulation allows debugging and 
speeds up the development process.• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 18, 28 and 40-pin 
devices • New features in Version 3 include 
16-bit arithmetic, strings and string 
manipulation, improved graphical user 
interface and printing, support for 18 series 
devices, pulse width modulation, I2C, new 
ADC component etc. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F 
devices)

PRICES
Prices for each of the CD-ROMs above are:

(Order form on next page)

Hobbyist/Student
Institutional (Schools/HE/FE/Industry)
Institutional/Professional 10 user (Network Licence)
Site Licence
Flowcode 10 user (Network Licence)
Flowcode 50 user (Network Licence)

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)

£45 inc VAT
£99 plus VAT

£300 plus VAT 
£599 plus VAT 
£350 plus VAT 
£699 plus VAT
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SPECIAL PACKAGE OFFER
TINA Pro V7 (Basic) + Flowcode V3 (Hobbyist/Student)

DIGITAL WORKS 3.0

TINA Analogue, Digital, Symbolic, RF, MCU and 
Mixed-Mode Circuit Simulation,Testing and PCB Design £50.00
TINA Design Suite is a powerful yet affordable software package for analysing, designing and real including VAT
time testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts.You can also and p&p 
analyse RF communication, optoelectronic circuits, test and debug microcontroller applications.
Enter any circuit (up to 100 nodes) within minutes with TINA’s easy-to-use schematic editor. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 10,000 manufacturer 
models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech virtual instruments. 
Present your results in TINA’s sophisticated diagram windows, on virtual instruments, or in the live interactive mode 
where you can even edit your circuit during operation.
Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line width, colour and layout. 
You can create, and print documents directly inside TINA or cut and paste your results into your favourite word- 
procesing or DTP package.
TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter, Signal Analyser/Bode 
Plotter, Network Analyser, Spectrum Analyser, Logic Analyser, Digital Signal Generator, XY Recorder.
Flowcode V3 (Hobbyist/Student) - For details on Flowcode, see the previous page.

This offer gives you two seperate CD-ROMs in DVD style cases - the software will need registering (FREE) with 
Designsoft (TINA) and Matrix Multimedia (Flowcode), details are given within the packages.

Get TINA + Flowcode for a total of just £50, including VAT and postage.

PROJECT DESIGN WITH CROCODILE TECHNOLOGY
An Interactive Guide to Circuit Design

An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control
Modules (IR and Radio), Transistors, Thyristors, Relays and much more.
Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams.
Nearly all the circuits can be instantly simulated in Crocodile Technology* (not 
included on the CD-ROM) and you can customise the designs as required.
WHAT’S INCLUDED
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays.
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams.
Runs in Microsoft Internet Explorer
*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.crocodile-clips.com. Animated diagrams run without Crocodile Technology.

Single User £39.00 inc. VAT.
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT.

(UK and EU customers add VAT at 175% to “plus VAT’’ prices)

Counter 
project

Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability « Software 
for simulating digital logic circuits «Create 
your own macros - highly scalable «Create 
your own circuits, components, and i.c.s 
«Easy-to-use digital interface «Animation 
brings circuits to life «Vast library of logic 
macros and 74 series i.c.s with data sheets 
«Powerful tool for designing and learning.
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plusVAT.
Institutional 10 user £249 plusVAT. 
Site Licence £599 plusVAT.

ELECTRONIC 
COMPONENTS PHOTOS

A high quality selection of over 200 JPG
images of electronic 
components. This 
selection of high 
resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions - see licence for 
full details).
Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 - Paint Shop Pro image 
editing tips and on-line help included!

Price £19.95 inc. VAT
Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser.

Please send me: CD-ROM ORDER FORM
a Electronic Projects
a Electronic Circuits & Components V2.0
a Analogue Electronics
a Digital Electronics V2.0
a Analogue Filters
a Electronics CAD Pack
a Robotics & Mechatronics
a Assembly for PICmicro V3

Version required: 
a Hobbyist/Student 
a Institutional 
a Institutional/Professional 10 user 
a Site licence

□ 
a 
a

‘C’ for 16 Series PICmicro V4 
Flowcode V3 for PICmicro 
Digital Works 3.0

ORDERING 
ALL PRICES INCLUDE UK 

POSTAGE

Student/Single User/Standard Version 
price includes postage to most 

countries in the world
EU residents outside the UK add £5 for 

airmail postage per order

a PICmicro Development Board V3 (hardware)

a TINA Pro V7 Basic + Flowcode V3 Hobbyist/Student
a 
a 
a 
a

Electronic Components Photos
Project Design - Single User
Project Design - Multiple User (under 500 students)
Project Design - Multiple User (over 500 students) }

Note: The software on each version is 

the same, only the licence for use varies.

Full name:
Address:

Post code: .Tel. No:
Signature: .........................................................................................................
□ I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
□ Please charge my Visa/Mastercard/Maestro: £
Valid From: .Card expiry date:
Card No: Maestro Issue No.
Card Security Code (The last 3 digits on or just under the signature strip)

Institutional, Multiple User and Deluxe 
Versions - overseas readers add £5 to the 
basic price of each order for airmail postage 
(do not add VAT unless you live in an EU 
(European Union) country, then add 17%% 
VAT or provide your official VAT registration 
number).

Send your order to:
Direct Book Service

Wimborne Publishing Ltd 
Sequoia House, 398a Ringwood Road 

Ferndown, Dorset BH22 9AU
To order by phone ring

01202 873872. Fax: 01202 874562
Goods are normally sent within seven days

E-mail: orders@wimborne.co.uk
Online shop: 

www.epemag.wimborne.co.uk/shopdoor.htm
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EPE PIC
RESOURCES
CD-ROM V2

This CD-ROM 
requires 

Adobe Acrobat' 
Reader* 

Acrobat Reader v5.05 
«s included 

on tne CD-ROM

The software 
should auto-run 

11 not. ooube-click 
on; My Computer, 
your CD drive and 

then on the tile 
index.pdf

Version 2 includes the EPE PIC
Tutorial V2 series of Supplements 
(EPE April, May, June 2003)
The CD-ROM contains the following 
Tutorial-related software and texts:

£14.45
INCLUDING 

VAT and P&P

PIC RESOURCES V2
O W^mborne Publishing Ltd 2003 

vavä epeinag wmborne co.uk

• EPE PIC Tutorial V2 complete series of articles plus 
demonstration software, John Becker, April, May, June ’03• PIC Toolkit Mk3 (TK3 hardware construction details), 
John Becker, Oct ’01• PIC Toolkit TK3 for Windows (software details), John 
Becker, Nov ’01

Plus these useful texts to help you get the most out of your 
PIC programming:

• How to Use Intelligent L.C.D.s, Julyan Ilett, Feb/Mar ’97• PIC16F87x Microcontrollers (Review), John Becker,
April ’99• PIC16F87x Mini Tutorial, John Becker, Oct ’99• Using PICs and Keypads, John Becker, Jan ’01• How to Use Graphics L.C.D.s with PICs, John Becker, 
Feb ’01• PIC16F87x Extended Memory (how to use it),
John Becker, June ’01• PIC to Printer Interfacing (dot-matrix), John Becker, 
July ’01• PIC Magick Musick (use of 40kHz transducers),
John Becker, Jan ’02• Programming PIC Interrupts, Malcolm Wiles, Mar/Apr ’02• Using the PIC’s PCLATH Command, John Waller,
July ’02• EPE StyloPIC (precision tuning musical notes), 
John Becker, July ’02• Using Square Roots with PICs, Peter Hemsley, Aug ’02• Using TK3 with Windows XP and 2000, Mark Jones,
Oct ’02• PIC Macros and Computed GOTOs, Malcolm Wiles, 
Jan ’03• Asynchronous Serial Communications (RS-232),
John Waller, unpublished• Using I2C Facilities in the PIC16F877, John Waller, 
unpublished• Using Serial EEPROMs, Gary Moulton, unpublished• Additional text for EPE PIC Tutorial V2,
John Becker, unpublished

NOTE: The PDF files on this CD-ROM are suitable to 
use on any PC with a CD-ROM drive. They require 
Adobe Acrobat Reader - included on the CD-ROM

Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 

or www.epemag.com (USA $ prices) 
or by Phone, Fax, Email or Post.

EPE PIC RESOURCES V2 
CD-ROM ORDER FORM

Please send me...... (quantity) EPE PIC RESOURCES V2 CD-ROM

Price £14.45 each - includes postage to anywhere in the world.

Name ...........................................................................................

Address .......................................................................................

...................................................

...................................................

.................................................... Post Code ........................

□ I enclose cheque/P.O./bank draft to the value of £ ................

□ Please charge my Visa/Mastercard/Maestro

££ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Card No........................................................................................

Card Security Code................. (The last 3 digits on or just under
the signature strip)

Valid From ................................ Expiry Date.............................

Maestro Issue No..............................

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 

Sequoia House, 398a Ringwood Road, Ferndown, 
Dorset BH22 9AU.

Tel: 01202 873872. Fax: 01202 874562.
Email: orders@epemag.wimborne.co.uk

Payments must be by card or in £ Sterling - cheque or bank draft 
drawn on a UK bank.

Normally supplied within seven days of receipt of order.
Send a copy of this form, or order by letter if you do not wish to cut your issue.
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Teach-In 2008
Part Five - Introduction to timers, BCD 

counting and equality checking

JOHN BECKER

In the first four parts of Teach In 2008, 
we have covered a fair bit of ground, 
introducing most of the available PIC 
commands, and showing how they can be 

used in a practical situation.
Last month, we showed how an Event 

Counter could be simply implemented. We 
continue now in Part 5 showing how a sim
ilar technique can be used to create a sim
ple frequency counter, basically for use 
with audio frequencies, in the range of 
about 20Hz to 20kHz.

Although in principle it may seem that a 
PIC can be used to assess any frequency, in 
reality it runs at too slow a rate, even with 
a clock frequency of 20MHz, and its rou
tines have no chance of keeping up with 
the rate of change of higher frequencies.

Certainly a PIC can be used to monitor 
frequencies significantly above 20kHz, but 
it needs to be used with normal digital 
logic chips such as counters, as they have 
much faster response times.

Clock division
A complication arises in that the one 

second timing routine is governed by a divi
sion factor relating to the timer. This factor 
divides the number of clock cycles generat
ed by the PIC by multiples of two. 

Unfortunately, a clock rate of 4MHz, which 
the PIC has been using, cannot directly pro
vide a timing of exactly one second.

If a clock rate of 3.2768MHz is used, 
then the timer’s division can provide peri
ods of exactly one second. We therefore 
need to use a crystal of this value to con
trol the PIC’s clock rate.

On the Control board, connect a 
3.278MHz crystal across the pins provid
ed. The clock frequency generation is now 
under control of the crystal in conjunction 
with that board’s capacitors C1 and C2.

Circuit diagram
The circuit diagram for the simple fre

quency counter is shown in Fig.5.1, and its 
breadboard layout in Fig.5.2.

The connections shown at the left-hand 
side of Fig.5.1 connect to the PIC Master 
Control PCB.

The signal whose frequency is to be 
counted may come from the output of 
other digital circuits. It is fed into the DC 
In point in Fig.5.1. It may swing between 
0V and say +5V, although voltage levels 
somewhat above +5V are prevented from 
exceeding the PIC’s maximum input volt
age level, nominally +5V, by the inclusion 
of resistor R1 and diode D1.

Resistor R1 and diode D2 similarly pre
vent signals from swinging below about 
— 0.6V and upsetting the PIC. If it is 
known that signals are swinging symmetri
cally above and below 0V, then they should 
be input via AC In and capacitor C1.

LCD X1 is the same alphanumeric type 
whose control was described in Part 4. It is 
connected to the PIC Control PCB in the 
same way as before. It shows the frequen
cy value in Hertz (Hz) of the input signal 
on its top line, and the typical timing of the 
periodic cycles within the waveform, in 
microseconds.

Load TEACHINE01.HEX and run it. 
Refer to Listing 5.1.

Counting cycles
There are three bytes used as counters in 

a chain, COUNT0, COUNT1 and 
COUNT2. Between them they produce a 
value which can be up to 24 bits long, rep
resenting a value of up to 16,777,215 (256 
x 256 x 256 — 1), the same value as avail
able with last month’s Event Counter, 
although it can never be reached with this 
design.

Initially, the counter is reset to zero and 
started. For a period of one second, as set 
by a timer, the counter counts the number

Fig.5.2. Breadboard layout for Fig.5.1.
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/ Listing 5.1 A

; TEACHINE01.ASM 09JUN07 - TEACH IN 2008 PT5

__config h’3F21’ ; external xtal oscillator (3.2768MHz)

MAIN movlw 25 
movwf CLKCNT 
clrf COUNT0 
clrf COUNT1 
clrf COUNT2 
movf PORTA,W 
andlw b’00010000’ 
movwf PREV 
clrf INTCON

; get current val of PORTA

; put into prev
; clear TMR0 overflow

MAIN0 btfss INTCON,2 
goto MAIN0A 
bcf INTCON,2 
decfsz CLKCNT,F 
goto MAIN0A 
goto MAIN3

; has a timer time-out been detected?
; no
; yes
; dec counter, is it zero?
; no

MAIN0A movf PORTA,W 
andlw b’00010000’ 
movwf TEMP

; is PORTA = prev?

xorwf PREV,W 
btfsc STATUS,Z 
goto MAIN0 ; yes

movf TEMP,W 
movwf PREV

incfsz COUNT0,F 
goto MAIN2 
incfsz COUNT1,F 
goto MAIN2 
incfsz COUNT2,F 
goto MAIN2 
call OVERFLOW 
goto MAIN

; inc COUNTA, is it = zero?
; no, goto MAIN2
; yes, so inc the next counter byte (NSB), is it = zero?
; no
; yes, so inc the next counter byte (MSB), is it = zero?
; no

MAIN2 btfss INTCON,2 
goto MAIN0 
bcf INTCON,2 
decfsz CLKCNT,F 
goto MAIN0

; has a timer time-out been detected?
; no
; yes
; dec counter, is it zero?
; no

MAIN3 bcf STATUS,C 
rrf COUNT2,F 
rrf COUNT1,F 
rrf COUNT0,F

; clear carry flag
; divide asnswer by 2

call BIN2DEC 
call LCD1 
bsf RSLINE,4 
call BLANKIT 
call SHOWDIGIT8 
movlw ‘H’ 
call LCDOUT 
movlw ‘z’ 
call LCDOUT

; decimalise answer
; set LCD for display from line 1 cell 1
; and tell it to expect display data

call PERIOD

call BIN2DEC 
call LCD21 
bsf RSLINE,4 
call BLANKIT 
call SHOWDIGIT8 
movlw ‘u’ 
call LCDOUT 
movlw ‘s’ 
call LCDOUT 
movlw ‘/’ 
call LCDOUT

; decimalise answer
; set LCD for display from line 2 cell 1
; and tell it to expect display data

of changes in logic level of the incoming 
signal. There are two changes, of course, 
for each waveform cycle. From logic 0 to 
logic 1, and then from logic 1 back to logic 
0, or vice versa.

At the end of each second, the counter is 
stopped and the value held is divided by 
two to get the total number of complete 
waveform cycles occuring during that sec
ond. This number, of course, is the value in 
Hertz.

The BIN2DEC routine used last month is 
then called and the value, which is in bina
ry, is converted to a decimal format and 
output to the LCD screen, on line 1, fol
lowed by the message ‘Hz’.

The frequency shown may not be exactly 
that which would show on a more sophisti
cated frequency counter, due to the fact 
that crystal controlled frequency is only 
correct within a certain tolerance. There is 
also the fact that the PIC’s software cannot, 
in this simple program, respond as fast as 
that which is governed by the response rate 
of normal digital chips. The value shown, 
though, is sufficiently accurate for most 
simple purposes.

Listing 5.1 
continued

movlw ‘c’ 
call LCDOUT 
movlw ‘y’ 
call LCDOUT 
movlw ‘c’ 
call LCDOUT 
movlw ‘l’ 
call LCDOUT 
movlw ‘e’ 
call LCDOUT

goto MAIN

; GET PERIOD TIMING

PERIOD movlw h’40’
movwf REGA0
movlw h’42’
movwf REGA1
movlw h’0F’
movwf REGA2 
clrf REGA3

movf STORE0,W 
movwf REGB0
movf STORE1,W 
movwf REGB1
movf STORE2,W 
movwf REGB2 
clrf REGB3

call DIVIDE32

movf REGA0,W 
movwf COUNT0 
movf REGA1,W 
movwf COUNT1 
movf REGA2,W 
movwf COUNT2 
return

include LCDroutines.inc

include MATHSroutines.inc

END
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Cycle conversion
Immediately following the display of the 

frequency, a routine is called in which the 
frequency detected is converted to an 
equivalent timing of each complete cycle, 
in microseconds, using the formula t = 
1000000//". where t = time and f = frequen
cy, and the 1000000 factor is the value 
needed for converting seconds to 
microseconds.

The frequency-to-cycle timing conver
sion routine involves a division function to 
be used. While it is possible to do simple 
division and multiplication with a PIC, the 
code required for large numbers is compli
cated. Consequently, it is preferable to use 
routines that have been previously written 
for the job, and are available for public use 
as library routines.

The code was written by Peter Hemsley, 
referred to last month in connection with 
the BIN2DEC routine, who provided EPE 
with suitable division and multiplication 
routines. These cope with values up to 32 
bits long, the length of the values involved 
in the frequency-to-period conversion now 
needed.

The files are imported at the end of the 
program code with the command include 
MATHSroutines.inc. The file says which 
registers are needed for it to be used, and 
these have been added to the head of the 
main program in the CBLOCK section.

The MATHSroutines.inc file can be 
used in your own programs if you wish.

The LCD shows the cycle period timing 
as the value in microseconds, followed by 
the message ‘us/cycles’.

Timer TMR0
Time now to examine one of the 

PIC16F628’s timers, TMR0. We’ve been 
using it to provide the delays needed with 
the LCD, to provide slowing down delays 
in some demos, and just now for the fre
quency timing. It has many uses, providing 
different timings for different purposes.

The PIC16F628 has a special register 
reserved for use as an 8-bit timer, TMR0 
(Timer 0). It divides its input frequency 
(originating from the PIC’s clock rate tim
ing) by 256 and can be both written to and 
read from. In most situations though, it is 
unlikely that you will need to use the 
read/write facility, but note that if TMR0 is 
written to, the timer is inhibited from 
counting for two clock cycles.

Probably more useful than writing to 
TMR0 is to use its output as it occurs nat
urally at the 1:256 division rate, and then to 
use the prescaler to subdivide that rate as 
required. The prescaler divides its input 
pulses by presettable powers of two. There 
are eight possible division ratios, which are 
set in binary form via bits 0, 1 and 2 of the 
OPTION register.

When used with TMR0, the prescaler 
division ratios are 1:2, 1:4, 1:8, 1:16, 1:32, 
1:64, 1:128 and 1:256.

The prescaler can alternatively be allo
cated for use with the Watchdog Timer 
(WDT - discussed in a future part), in 
which mode each of these ratios is halved 
(minimum is thus 1:1 and maximum is 
1:128).

Note that the OPTION register should 
not be equated as such, since Microchip 
previously had a command actually 
named OPTION and the use of this term 

in an ASM file assembled by MPASM 
causes an error condition. Consequently, 
it is preferable that the register should be 
equated as OPTION_REG (Microchip’s 
equated term in their INC files), as we 
have been using already through 
Microchip’s named .inc file. You may 
still sometimes come across the the term 
OPTION, or even the equated name 
OPSHUN instead.

It should also be remembered that bit 7 
of the OPTION register controls the PIC’s 
light pull-ups facility and should be set 
high to turn it off, as previously discussed.

The PIC effectively runs at one quarter of 
the stated clock frequency, internal or 
external. Thus a clock of 4MHz will cause 
the PIC to run at 1MHz.

When TMR0 is used as an internal 
timer, the pulses it counts also occur at 
one quarter of the clock frequency. So, if 
the clock frequency is running at 
3.2768MHz, TMR0 will count at 
819200Hz and its 1:256 roll-over rate 
will be 3200Hz. This rate is then divided 
by the ratio set into the prescaler. If we 
divide by 32, for example, we obtain the 
convenient rate of 100Hz.

In TMR0 mode, when the prescaler 
rolls over to zero, a flag is set in the INT- 
CON register, at bit 2. The setting of this

; TEACHINE02.ASM 09JUN07

__config $3F3O

STARTIT clrf PORTB 
BANK1 
clrf TRISB 
movlw b’10000000’ 
movwf OPTION_REG 
BANKO 
clrf RATE 
movlw 32 
movwf COUNT

bsf STATUS,C

call DELAY

LOOP rlf PORTB,F 
call DELAY 

decfsz COUNT,F 
goto LOOP 
movf RATE,W 
BANK1 
iorlw b’10000000’ 
movwf OPTION_REG 
BANKO 
incf RATE,F 
bcf RATE,3 
movlw 32 
movwf COUNT 
goto LOOP

DELAY movlw 50 
movwf CLKCNT 
clrf INTCON

DELAY2 btfss INTCON,2 
goto DELAY2 
bcf INTCON,2 
decfsz CLKCNT,F 
goto DELAY2 

bit can be used as an interrupt, which 
automatically routes the program to 
another specified routine, irrespective of 
which routine is currently being 
processed, returning to the same point 
after the interrupt procedure has been 
finished.

The interrupt can also be turned off and 
INTCON bit 2 read by the program to estab
lish its status, taking action accordingly.

Using the timer and the prescaler, you 
can specify that some actions will only be 
performed at specified sub-divided values 
of the clock frequency. Among other 
things, this allows the PIC to be used as a 
real-time clock, as well as a frequency 
counter.

Note that the TMR0 rate is set into the 
OPTION register while in BANK1 mode. 
This is always the case with this PIC, and 
many others.

First, let’s illustrate the effect of setting 
different prescaler ratios and, using the 
LEDs connected to PORTB on the Control 
PCB, show what happens. Load TEA- 
CHINE02.HEX and run it. Refer to 
Listing 5.2.

The program is a modification to that 
used as the third demo in Part 2, using the 
PIC’s internal 4MHz oscillator. Disconnect 
the 3.2768MHz crystal and the LCD. Also

Listing 5.2
- TEACH IN 2008 PT2

; internal 4MHz oscillator

; clear Port B data register
;BANK 1
; Port B direction register for output
; timer 1:2, pull-ups off (bit 7 = 1)

;BANK 0
; start with a rate of 0
; starting value for COUNT

; set the Carry bit in STATUS

; brief pause

; rotate left PORTB

; repeat
; timer rate
; BANK 1

; BANK 0
; inc rate value
; restrict rate val to 7 max
; reset COUNT val

;repeat

; set delay counter to 50
;
; clear interupt flag

; has a timer time-out been detected?
; no
; yes
; dec counter, is it zero?
; no
; yes
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reinstate the LED link wire to bring the 
LEDs back into play.

In this program we read the status of 
INTCON bit 2 rather than using the inter
rupt facility. The program calls a delay 
routine at DELAY, clears INTCON,2, then 
it loops until the bit goes high, to indicate 
a timer rollover. The essential commands 
are:

clrf INTCON ; clear full intcon reg
ister

(or just bcf INTCON,2 ; clear intcon 
register bit 2)

DELAY2 btfss INTCON,2 ; is bit 2 
high?

goto DELAY2 ; no
bcf INTCON,2 ; yes,

clear bit 2 to allow time to start again

(program continues with whatever the 
user wants)

This occurs 50 times a second, as set 
by this routine into the counter CLKC- 
NT, and then the program continues 
from where the delay was called, with 
the command RETURN.

Initially, you will see a fairly fast LED 
movement occurring. It is created with 
the timer in-circuit with the prescaler set 
for a minimum division ratio of 1:2. This 
is because OPTION_REG bits 0 to 2 are 
set to 000.

This rate of counting continues for 
four cycles of the LEDs rotating through 
their 8-LED range. The ratio is then set 
at 1:4 (prescaler value 001), and again 
another four cycles occur. Similarly, the 
other ratios are set. The difference in the 
resulting LED movement rates will 
become obvious.

Having completed the slowest LED 
movement cycles, the timing speeds up 
again and the process repeats.

The routine can be speeded up, or 
made slower, by putting a different value 
into CLKNT (range 0 to 255). Leaving 
out CLKCNT entirely speeds the routine 
to the fastest for the timing value held by 
the timer.

Be aware that in the demo the initial 
flash rates of the LEDs are quite fast.

Binary Coded Decimal 
counting

So far we have illustrated how a count 
can be increment or added to in binary 
mode. This resulted in the need for a 
binary-to-decimal conversion routine in 
order to show the result on a suitable dis
play, such as an alphanumeric LCD. It is 
equally possible to count directly in dec
imal, removing the need for a BCD con
verter, although the counting rate is 
slower when using BCD compared to 
using a binary count. We will now 
demonstrate the process.

We could keep the counted units in one 
byte, tens in another, hundreds in anoth
er, and so on, but, to conserve precious 
byte space, it is equally possible to use 
each byte as two 4-bit nibbles, keeping 
units in bits 0 to 3, and tens in bits 4 to 
7. Hundreds and tens of units would be 
treated similarly in a second byte.

For simplicity, now, we concentrate on 
counting up to 99. First considering the use 
of two bytes. In 8-bit binary, a value of 

decimal 9 is expressed as 00001001, deci
mal 10 is 00001010, decimal 16 is 
00010000. It is obvious that with decimal 
values we have no single symbol for a 
number greater than decimal 9. When a 
value one greater than decimal 9 occurs, 
we reset the units digit to 0 and add one to 
the next digit, ie ten is written as 10.

While counting in BCD, we can do a 
similar thing. When the byte holding the 
units reaches ten, we reset that byte to 
zero and add one to the next byte. In 8-bit 
BCD and at a count of nine, the two bytes 
would read 00000000 (tens) and 
00001001 (units). At the count of ten, the 
bytes become 00000001 (tens) and 
00000000 (units).

When using two nibbles of an 8-bit 
byte (instead of the above two bytes), a 
BCD value of nine reads as 00001001, 
but a BCD value of ten reads as 
00010000. And, for example, a BCD 
value of 37 reads as 00110111, ie the 
left-hand nibble (MSN - Most 
Significant Nibble) holds a value of 3 
and the right-hand nibble (LSN - Least 
Significant Nibble) holds 7.

A value of 99 is expressed as 
10011001. For a value of 100, both nib
bles are reset to zero (00000000) and if 
there is a byte for hundreds and tens of 
hundreds, its right-hand nibble (LSN) 
would be incremented, and so on.

Thus, when counting in BCD, we have 
to check the four bits of the LSN on their 
own and see if their value is greater than 
9. If it is, that nibble is reset and the 
MSN incremented. The MSN is then 
taken on its own as a 4-bit value and 
checked if it is greater than 9. If so, this 
nibble is reset and the LSN of the next 
byte incremented accordingly.

Nibble check
There are (as in many programming 

matters) several ways of checking the 
nibbles for excess values, of which we 
shall describe one: an additive checking 
routine. We said earlier that there is a 
Digit Carry (DC) flag in the STATUS 
register which signals if the binary value 
of the LSN has become greater than 15 
following an addition. We can use this 
fact by temporarily adding a number to 
the LSN which will make the answer 
greater than 15 if the basic value of the 
LSN is greater than 9.

The number to be added is 6, eg 10 + 6 = 
16 with the DC flag set; 9 + 6 = 15 with the 
DC flag clear. Therefore, to check if an 
LSN value is greater than 9, we temporari
ly add 6 to it and check the DC flag. If the 
flag is clear, the LSN is left as it is. If the 
flag is set, we increment the MSN and clear 
the LSN.

There is a short cut to doing this, taking 
advantage of the fact that 10 + 6 = 16, 
00010000 in binary. If you look at this 
answer, the LSN is now zero, while the 
MSN has been incremented automatically, 
so representing decimal 10 in BCD. Thus, 
when we add 6 to the byte as a whole, if the 
DC flag is clear, no further action on that 
byte is needed (or on any subsequent bytes 
for that matter).

If, though, the DC flag is set, we simply 
replace the existing value in the byte with 
the value now stored temporarily. These 
commands do the job:

INCF COUNT,F ; increment file 
value

MOVLW 6 ; move 6 into W
ADDWF COUNT,W ; add it to new 

file value but keep answer in W
BTFSC STATUS,DC ; is the Digit 

carry flag clear?
MOVWF COUNT ; no, it’s set so 

move W into file, replacing previous 
value

The above check is done in respect of the 
LSN, but when the DC flag is set, the 
resulting action changes the value of the 
MSN, which then has to be checked to see 
if it (as a 4-bit nibble) is greater than 9, ie 
is the BCD value of the whole byte now 
equal to or greater than decimal 100?

Again, there is an easy additive technique. 
If we translate the binary value of BCD 100 
(10100000) the decimal answer is 160. If we 
temporarily add 96 (256 — 160) to the whole 
byte, we can then check the Carry flag (C) to 
see if it has been set, which it will be if the 
binary answer has rolled over beyond 255. 
As before, if the flag is clear, the byte can 
remain as is; if the flag is set, we replace the 
value with the temporary one. (Note that the 
DC and Carry flags are unaffected by an 
INCF or INCFSZ command.)

Here’s the extended routine. Note the 
inverted logic for checking Digit Carry and 
Carry flags, BTFSS STATUS,DC in the 
first instance, BTFSC STATUS,C in the 
second.

INCF COUNT,F 
MOVLW 6
ADDWF COUNT,W 
BTFSS STATUS,DC 
GOTO ENDADD 
MOVWF COUNT 
MOVLW 96
ADDWF COUNT,W 
BTFSC STATUS,C 
MOVWF COUNT 

ENDADD
(program continues)

Let’s look at the BCD additive technique 
in practice, triggering it from the timer 
routine:

MAIN BTFSS INTCON,2
GOTO MAIN
BCF INTCON,2 
INCF COUNT,F 
MOVF COUNT,W 
ADDLW 6
BTFSS STATUS,DC 
GOTO OUTPUT 
MOVWF COUNT 
ADDLW 96
BTFSC STATUS,C 
CLRF COUNT

OUTPUT MOVF COUNT,W 
MOVWF PORTB
GOTO MAIN

In the above listing, note the use of 
CLRF COUNT before OUTPUT at the 
end. This can be used here since we know 
that adding 1 to the count is occurring, 
rather than adding values of 2 or greater. In 
the latter instance, the resulting temporary 
answer must be MOVed into COUNT.
Let’s go back to the use of the 3.2768MHz 

crystal, as we can now move forward to 
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looking at a realtime clock, requiring timed 
periods of one second, as used with the fre
quency counting. The config setting is 
automatically changed by the .hex to suit 
this external crystal. We can continue with 
the LED display for the moment.

Load TEACHINE03.hex and observe 
the count incrementing on the LEDs. The 
prescaler is now run at a fixed ratio of 
1:128 and a seconds timing routine is used.

XOR command
There is another technique for checking 

values, using the command XOR. Let’s 
examine it in principle.

The command XOR (Exclusive OR) 
checks for equality between two numbers. 
There are two commands, XORLW (XOR 
Literal with W) and XORWF (XOR W 
with value in specified File). The latter is 
followed by the file name, a comma, and 
the destination (W or f), eg XORWF 
STORE,W and XORWF STORE,F.

You probably know that in electronics 
there are XOR gates included in the digital 
logic chip families, and you will no doubt 
have read descriptions of truth tables relating 
to just two inputs of an XOR gate (two bits):

0 XOR 0 = 0
0 XOR1 = 1
1 XOR 0 = 1
1 XOR1 = 0

As far as a PIC’s XOR function (8 bits) 
is concerned, the result of XORing two 
bytes of eight bits is the condition being 
checked. It is easier here to show the prin
ciple by means of switches and an LCD 
rather than by truth tables. The circuit and 
breadboard diagrams are shown in Figs 5.3 
and 5.4.

We use PORTA to monitor the switches, 
just four of them, S1 to S4, on PORTA bits 
0 to 3, along with their biasing resistors, 
R1 to R4. Biasing is normally low when 
the switches are unpressed. The appropri
ate PORTA input goes high when a switch 
is pressed.

Insert the switches and resistors into the 
breadboard as shown in Fig.5.4. Reinstate 
the LCD, and disconnect the LED activat
ing link wire. Load the PIC with TEA- 
CHINE04.hex, and let it run. Its listing is 
shown in Listing 5.3.

Register TESTVAL is used to hold the 
basic value against which the value set by 
the switches is compared. Its value is 
shown on LCD line 1. The value is set into 
the program and cannot be changed with
out reprogramming the PIC.

The value set by the switches is held in 
register VALSTORE and the value is 
shown on LCD line 2, immediately below 
the fixed value. The LCD also indicates 
whether or not the two values are equal, 
indicated by the STATUS register Z flag. 
Just a simple technique for showing the 
binary bit logic is used in the subroutine 
SHOWBINARY.

The message ‘= 0 NO’ is shown to indi
cate that the truth of the Z flag is false if 
equality between the two values does not 
exixt. The message ‘= 1 OK’ is shown to 
indicate that the truth of the Z flag is true if 
equality between the two values does exist.

In this listing, the value on PORTA is 
input in the usual way. The next command 
(ANDLW B’00001111’) is necessary to

Fig.5.3. Circuit for XOR Demo
this demonstration, since we only want to 
use the first four bits of PORTA. If PORTA 
had eight bits that could be used together 
with associated switches, the AND com
mand would be omitted. The status of each 
switch is being XORed with the respective 
bit in TESTVAL, switch 0 with bit 0, 
switch 1 with bit 1, and so on.

If any bit of PORTA is equal to that of 
the same bit in the XOR command, the 
same bit in the W register will be cleared. 
Thus, two zeros will produce a 0, and two 
1s will produce a 0. If the bits are dissimi
lar (1 and 0) the Z bit is set (1).

Suppose that the switches produce bina
ry number 0111, the ANDed result in W is 
00000111, the sequence of events is:

MOVF PORTA,W 

answer = xxxx0111
ANDLW 00001111

answer = 00000111 
XORLW 00001000

answer = 00001000

Bits that are equal to their counterparts 
have their corre
sponding display bits 
set, those that are not 
equal have their bits 
cleared. Take another 
example:

MOVF PORTA,W

answer = xxxx0010 
ANDLW 00001111

answer = 00000010 
XORLW 00000010

answer = 00000000

Here each bit is 
equal to its counter
part, therefore the 
answer is zero and, 
importantly, the Zero 
flag will have been 
set accordingly. 
Therefore, we can 

check for equality by checking the Zero 
flag following an XOR command. Non
equality clears the flag, equality sets it. 
Consequently, following an XOR com
mand you simply check STATUS,Z and 
route accordingly.

Command OR
Although we shall not meet it until later, 

it is now appropriate to mention that there 
is an ‘ordinary’ OR command available. It 
is more correctly termed Inclusive-OR (as 
opposed to Exclusive-OR). It has two ver
sions, IORLW (Inclusive OR Literal with 
W) and IORWF (IOR W with value in 
specified File). The latter is followed by 
the file name, a comma, and the destination 
(W or F), eg IORWF STORE,W and 
IORWF STORE,F.

Seconds counting
Moving on from decade counting between 

0 and 99, it is an easy step to count in BCD 
from 0 to 59, accurately simulating the sec
onds count of a real-time clock.

Load TEACHINE05.hex and observe the 
LCD display. You will see the twin-nibble 
BCD count on line 2 progressively stepping 
from zero to BCD 59 (01011001), then

Fig.5.4. Breadboard layout for Fig.5.3
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Listing 5.3

MAIN movf PORTA,W 
andlw b’00001111’ 
btfsc STATUS,Z 

goto MAIN

movwf VALSTORE 
movwf TEMP

X EXTRA COMPONENTS
NEEDED FOR PART 5

3.2768MHz crystal
100n ceramic capacitor, 5.00mm pitch

V (C1) I

call LCD21
; set LCD for display databsf RSLINE,4

call SHOWBINARY
movlw ‘ ‘
call LCDOUT
movlw ‘=’
call LCDOUT
movlw ‘ ‘
call LCDOUT

movf TESTVAL,W 
xorwf VALSTORE,W

btfss STATUS,Z 
goto M2 

movlw ‘1’ 
call LCDOUT 
movlw ‘ ‘ 
call LCDOUT 

movlw ‘O’
call LCDOUT 

movlw ‘K’
call LCDOUT 

goto M3

M2 movlw ‘0’
call LCDOUT 
movlw ‘ ‘ 
call LCDOUT 

movlw ‘N’
call LCDOUT 

movlw ‘O’
call LCDOUT

M3 movf PORTA,W
andlw b’00001111’ 
btfsc STATUS,Z 
goto M3 

goto MAIN

SHOWBINARY movlw 8 
movwf LOOP

SB2 bcf STATUS,C
rlf TEMP,F 
movf STATUS,W 
andlw 1 
xorlw 48 ; convert to ASCII value
call LCDOUT 

decfsz LOOP,F 
goto SB2 
return

PAUSIT movlw 5 ; set delay counter to 5
movwf CLKCNT ; (for 1/25th sec x 5)
clrf INTCON ; clear interupt flag

PAUSE ; initial 1/5th sec wait before setting up LCD
btfss INTCON,2 ; has a timer time-out been detected?
goto PAUSE ; no
bcf INTCON,2 ; yes
decfsz CLKCNT,F ; dec counter, is it zero?
goto PAUSE ; no
return ; yes

restart again at zero. On line 1 a seconds 
count in decimal increments at a rate of one 
per second, just as an ordinary seconds 
clock would and, indeed, it should take one 
minute for the full cycle to occur.

In this program, the prescaler rate has 
been set for 1:128, providing an INT- 
CON,2 pulse rate of 1/25th of second. A 
counter, CLKCNT, counts down from 25 
in response to the pulses. When it reaches 
zero, it is reset to 25 and a seconds counter, 
CLKSEC is incremented in BCD.

Checking for the BCD count becoming 
ten is performed by the additive (+6) tech
nique we have already shown. However, 
checking for the count being at BCD 60 is 
done using the XOR equality testing 
method (XOR 01100000 = BCD 60). If 
equality exists, the CLKSEC counter is 
reset to zero.

In the routine, which shows the decimal 
count for the seconds, observe how the 
byte’s MSB (tens) is first extracted using 
the SWAPF command to temporily swap 
the two nibbles. ANDLW isolates the new 
LSN. It is ORed with 48, which converts 
the value to the ASCII form so that the 
LCD shows it correctly. CLKSEC is now 
copied into W, it too is ANDED to extract 
the LSN units), and ORed with 48 and then 
output to the LCD.

Another thing to think about
You have a few more concepts to play 

with now as a programmer. What can you 
do with the following problem? You have a 
coin-operated exit control at a car park. 
Ignoring any offer to accept the fixed pay
ment by plastic card, use switches to repre
sent the value of coins inserted (they are 
assumed to be legal!).

Indicate the coin value accepted and the 
total value received, opening the barrier 
when the correct amount has been received. 
Use a decimal readout on the display. If you 
think you can provide change, do so! And 
allow any other features that you might think 
are necessary. No specific questions or 
answers - it’s all up to your imagination.

You could also think about how you 
would allow the number of cars coming in 
and out of a car park to be monitored, pre
venting its maximum capacity from being 
exceeded.

PLEASE TAKE NOTE
Teach-In ’08 Part 2 (Dec’04)
In Listings 2.1 to 2.3, near the top - 
CLKCNT should be ranged left (in 
line with STARTIT), not indented. 
The CBLOCK and ENDC state
ments must be indented as shown.

Part 3 (Jan ’08)
In Listing 3.1 and TEACHIN 
C01.ASM amend _config $3F30 to 
_config h’3F30’
and movlw $07 to movlw h’07’
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PIC N' MIX MIKE HIBBETT
Our periodic column for your PIC programming enlightenment

Checksums and CRC checks

When we build microcontroller- 
equipped projects, we often con
nect them to other devices 
(measuring sensors, displays) or PCs using 

a serial interface - more often than not, the 
venerable RS232. Typically, the connec
tion to a PC will involve communicating 
with a custom program written by our
selves to extract data from the microcon
troller, or download configuration data.

If you have ever designed and built such 
a system you will be familiar with one of 
the common stumbling blocks that we all 
face: how to exchange information 
between the microcontroller and the 
remote device in a reliable manner. 
Reliability is an important issue because no 
matter how you write your code, if a single 
byte of data gets lost in the exchange 
between the two devices you face the 
whole system failing, requiring a reboot.

There are many reasons why communi
cation can be unreliable and cause data 
errors. Electrical noise, intermittent electri
cal connections, even differences in rela
tive speed between the processors 
involved. (An amusing stor y is relevant 
here. if you transfer serial data between a 
PIC processor, running at 4MHz„ and a 
1GHz PC, which one is more likely to loose 
data? Yes, it’s the PC. The Windows oper
ating system sometimes goes off and does 
housekeeping tasks, and fails to notice data 
coming into the serial port. Software can 
be strange!)

While dial-up telephone links and radio 
interfaces are clearly going to be noisy and 
susceptible to interference, there are many 
other less likely interfaces that need pro
tecting. The connection between a proces
sor and an EEPROM on the same board, 
where information is being transferred at 
high speed, can often be susceptible to cor
ruption by electrical noise on the printed 
circuit board. Fast signals moving between 
ICs generate voltage spikes on PCB tracks 
that can interfere with the real signals 
being transferred. The point, simply put, is 
that it’s not just signals travelling along 
long, noisy cables that require some form 
of error detection and recovery.

Parity bits
One of the simplest forms of error detec

tion is a parity bit, often used on serial 
communication interfaces such as dial-up 
modems. Parity bits are used to protect 
individual characters being sent over a link. 
In this case a character is a binary number 
consisting of seven data bits with the pari
ty bit being the last, eighth bit - making it 
fit nicely into a byte.

Parity bits have 
a number of prob
lems, however. 
First, they requ
ire each character 
being sent to be 
restricted to only seven data bits, which 
makes their use rather difficult when deal
ing with binary data. Second, they only 
protect individual characters - so if your 
communication link looses a complete byte 
(such as when a PC’s serial interface drops 
a character because the operating system is 
too busy), then a parity check is no help.

Parity bit checking comes in two flavors: 
odd and even. They work by counting the 
number of ‘1’ bits in the character, and set
ting the parity bit to make the number of 
‘1’ bits in each character either even (for 
even parity) or odd (for odd parity). Clearly 
this is a very simplistic check but it does 
mean that it is easy and fast to implement 
in software or hardware.

Parity checks find uses in many areas 
today, protecting the contents of memory 
chips for example, but are not much use if 
you are trying to protect the communica
tion between a PC and an embedded device 
consisting of many bytes of data. We have 
to look elsewhere, such as checksums or 
cyclic redundancy check digits.

Checksums
A checksum is typically a single byte 

that is added to the end of a message (a 
series of bytes) that is passed from one 
device to another. There are various algo
rithms for computing a checksum, but the 
simplest method is to simply add up all the 
other bytes in the message, and use the 
lower eight bits of the result. This works 
quite well in an embedded system with 
limited memory or processing power: for 
each data byte transmitted, add the value 
into a single byte ‘accumulator’ variable. 
When you have transmitted all of the mes
sage data bytes, send the value stored in the 
accumulator variable.

The receiving device performs a similar 
calculation, adding up the data bytes as they 
are received and then comparing its calculat
ed checksum with the one present at the end 
of the message. If they are different, then an 
error in the transmission has been detected 
and the message can be discarded.

For such a scheme to work your receiv
ing device has to know the structure of the 
message being sent, so that it knows when 
the message ends and where the checksum 
is. There are many ways in which you can 
do this; there are standards and algorithms 
available on the Internet that you can use.

Msg Id Length Data Data Data Checksum
0x32 0x03 0x8A 0x52 0x7C 0x8D

Fig. 1. Example message with simple checksum

Message protocols
These are called message protocols, 

since they describe how two devices will 
talk to each other. You can, of course, 
‘roll your own’ protocol and this is indeed 
what many of us do. A simple message 
format for sending variable length mes
sages between two devices is shown in 
Fig.1.

Here, the message consists of a number 
of different parts. The first bytes sent 
(shown on the left ) is the message identifi
cation. It will tell the receiver what the 
message contains, so it knows what to do 
with it. The second byte is a length identi
fier - it holds a number indicating how 
many data bytes follow. After the specified 
number of data bytes, the final byte is the 
checksum.

What the message identifiers mean and 
how many data bytes get sent is, of course, 
completely up to you. You just need to 
make sure that both your embedded soft
ware and the code running on the PC fol
low the same rules, and implement the 
same checksum algorithm, for data com
munication to work with error detection.

Having received a message with a 
checksum, the receiver will need to tell the 
sender that it was received correctly. And if 
not, what to do about it. A simple yet effec
tive method for doing this is shown in 
Fig.2, which shows the sequence of data 
transmission between two devices (a PIC 
and a PC.)

The vertical lines represent time, run
ning from the top and working downwards. 
The horizontal lines show the direction in 
which a message is being sent. Every time 
a message is sent from one device to anoth
er, the receiver returns an acknowledge
ment, indicating either success or failure. 
This can be done by returning a single 
byte, as shown in Fig.2, where a value of 
‘1’ means good and ‘2’ means bad. You can 
use whatever values you want. Because 
these responses are very short we tend not 
to bother adding a checksum to them - 
things might start to get rather complicated 
if we did!

When a returned acknowledgement indi
cates that there was a problem with the 
message, the sender can simply re-send the 
message, or perhaps end the communica
tion session. Again, it’s up to you.
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Timeouts
If you code a scheme as described 

above, you should take care to make sure 
you allow timeouts for all messages. For 
example, what would happen if the length 
byte in a message was corrupted from 23 
to 33? The receiver would wait patiently 
for the remaining data bytes to arrive, but 
they never will. So it is important to also 
add some kind of timer while processing 
received data, so that if a data byte has 
not been received within some sensible 
time (such as a few seconds perhaps) then 
an acknowledgement of ‘failure’ should 
be returned.

Errors like this can also occur with the 
returned acknowledgement bytes; what 
should the sending device do if it fails to 
receive an acknowledgement from the 
remote device? Should it assume the 
message was clearly received, resend the 
message anyway or give up communi
cating? The answer to this will depend 
on what the receiver will do with the 
message, and again it is entirely up to 
you.

As you can see, there are some com
plex issues around the subject of sending 
messages, obvious in our example even 
though we are only just scratching the 
surface. There are many standard ways of 
solving this problem, referred to as the 
data link layer model, such as PPP and 
HDLC. These are very complicated algo
rithms, which take a lot of code to imple
ment. For a hobby project, however, a 
system based on what we have described 
should be good enough.

The simple ‘addition’ based checksum 
algorithm has some flaws, however. As 
with any checksum system, it can never 
guarantee that the message is uncorrupted 
- only that it has not detected a problem. 
As we are only adding bytes together, two 
errors that complement each other will 
cancel each other out. And odd though it 
may seem, errors such as this are not 
unusual. Fortunately, there are better algo
rithms available.

CRCs
Cyclic Redundancy Checks, or CRCs, 

improve on the simple checksum algo-

PIC
Microcontroller

Message sent to PC

0x32, 0x03, 0x8A, 0x52, 0x7C, 0x8D

Acknowledge receipt "OK"

0x01

Message sent to PC 
-----------------------------------------------------------------------------> 

0x32, 0x04, 0x30, 0x00, 0x7F, 0xA5, 0x97

Acknowledge receipt "Not OK"

0x02

Message sent to PC 
-----------------------------------------------------------------------------> 

0x32, 0x04, 0x3D, 0x00, 0x7F, 0xA5, 0x97

Acknowledge receipt "OK” 

0x01

Fig.2. Example message exchange using checksums

rithm by using a division method rather 
than an addition process to derive the 
final check digit. The net result is the 
same - a routine examines all the data 
bytes, and produces a single byte or 
word result that is appended to the mes
sage - however, the way it produces the 
result is much more complex, using a 
form of division between the message 
bytes and a constant divisor.

The mathematics behind this is beyond 
the scope of this article, but thankfully it 
results in an algorithm that is relatively 
simple to implement in both hardware and 
software. Different CRC algorithms can 
produce 8, 16 or 32 bit results, with the 
larger ones producing better error detection 
capabilities.

I PC Interface
I Program

----------------------------- ----------- L
The PC program will 
recalculate the checksum 
character, and verify it 
matches the received one.

The 3rd byte sent 
has been received 
corrupted, so the 
checksum will be wrong

-------------------------------------- b.
This time the message 
is received without 
errors, so the checksum 
will be correct

Designs and code for CRC algorithms 
are freely available on the Internet, both 
in C and assembler language. Always 
remember, however, that a checksum or 
CRC algorithm can never confirm that a 
message is free of errors, just that it prob
ably is. Some form of checksum or CRC 
should always be used though to protect 
against the more common forms of errors 
(noise, bad connections, data loss) that 
plague all PC serial interfaces.

Simple checksum algorithms are very 
easy to implement and have worked well for 
the author in a number of commercial appli
cations. CRC algorithms, while requiring in 
the order of 1KB code space, can provide a 
much more robust solution. The choice, of 
course, is yours.
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surface post, this can take up to 8 weeks.

Cheques made payable to Direct Book Service.
Direct Book Service, Wimborne Publishing Ltd, 

Sequoia House, 398a Ringwood Road, Ferndown, 
Dorset BH22 9AU

Tel: 0202 873872 Fax: 0202 874562
www.radiobygones.co.uk

UK

Europe airmail, 
Rest of World 
surface mail

Rest Of World 
airmail

Vol 1 £36.50 £37.50 £45
Vol 2 £49.50 £52.50* £64*
Vol 3 £48.50 £49 £59
Vol 4 £49.50 £52.50* £64*

Please send me: Wireless For The Warrior

......... (quantity) Vol 1; ......... (quantity) Vol 2; ......... (quantity) Vol 3; ......... (quantity) Vol 4

Name

Post Code

Address

6 I enclose cheque/postal order/bank draft to the value of £.

6 Please charge my Visa/Mastercard/Maestro

£............................ Card No:............................................................................................Wireless
Card security No:.........................(last 3 digits on the signature strip)

Valid From.................... Expiry Date.................... Maestro Issue No

for the
Warrior
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SHOP ONLINE AT www.compactcontrol.co.uk

Compact Control Design
Electronics & Software

Design Service
Compact Control Design Limited was established in August 2005 by 
Andy Watts. The company was set up to provide design and development 
services in electronics and software under contract. From March 2007 
Compact Control Design Ltd has expanded into providing a range of 
products for sale on our web-site or for customers to manufacture under 
license.

View our website and shop online at www.compactcontrol.co.uk

For sales enquiries, e-mail us at sales@compactcontrol.co.uk

For contracting, design and support services, e-mail us at 
design@compactcontrol.co.uk

The company specializes in the following activities:
Sales: 01260 281694 (UK) +441260 281694 (outside UK)

Design of electronic systems for small to medium size equipment 
Specialized power supply design, particularly low noise power supplies 
Electronic safety interlock designs
PIC Micro controller firmware development
PC software development using C++ and visual studio
PCB design and layout

We provide contracting design and support services for a number of 
customers including a world leading manufacturer of analytical 
research systems.

Our senior designer has over 25 years experience in analogue and 
digital electronics, firmware and software development. He has 
experience in the design of safety systems, having worked for some years 
in the aerospace industry developing and evaluating redundant control 
systems for aircraft. In his previous employment he developed the 
majority of the electronics including all the control and safety systems 
for a new scientific instrument which is now one of their most important 
products.

Design: 07894 290209 (UK) +447894 290209 (outside UK)

Fax: 01260 501196 (UK) +441260 501196 (outside UK)

Compact Control Design Ltd - P0704 
PIC Developer Board

Compact Control Design Limited 
77 Woolston Avenue 

Congleton 
Cheshire 

CW12 3ED

Company number: 5528711

Compact Control Design Ltd - P0701 USB PIC 
Microcontroller Module

www.stewart-of-reading.co.uk
Check out our website, 1,000s of items in stock.

PM3082 - £195 HP 34401A - £500 to £550 HP33120A- £575 to £700 HP 8563A - £6,000

DIGITISING/STORAGE 
OSCILLOSCOPES

HP 54616B Digitising 500MHZ 2GS/S 2 
Channel............................................................................. £1,100
TEKTRONIX TDS520 Digitising 500MHZ 500MS/S 
2 Channel...........................................................................£800
TEKTRONIX TDS360 Digitising 200MHZ 1GS/S 
2 Channel............................................................................£650
TEKTRONIX 2232 Dual Trace 100MHZ 100MS/S..........£325
HP 54600B Dual Trace 100MHZ 20MS/S with RS232; 2HP 
Probes, Ops Manual, Pouch & Front Cover....................£325
TEKTRONIX TDS224 Digitising 100MHZ 4 Channel 
1GS/S.................................................................................. £750

FLUKE 97 Dual Trace 50MHZ 25 MS/S..........................£295

OSCILLOSCOPES
TEKTRONIX 2465B 4 Channel 400MHZ Delay Cursors etc
incl. Tek Probes..................................................................£750
PHILIPS PM3082 2+2 Channels 100MHZ Delay TB etc 
Autoset................................................................................£195
TEKTRONIX 2445A4 Channel 150MHZ Delay Sweep 
Cursor etc............................................................................£375
GOULD OS300 Dual Trace 20MHZ....................................£75
PHILIPS PM3217 Dual Trace 50MHZ Delay Sweep...... £125
FARNELL DTV12-14 Dual Trace 12MHZ...........................£40
TEKTRONIX P6139A 100MHZ Probes - Unused..........£140

STEWART of READING 
17A King Street, Mortimer, Near 

Reading RG7 3RS 
Telephone: (0118) 933 1111 

Fax: (0118) 933 2375 
www.stewart-of-reading.co.uk 

9am-5.00pm Monday to Friday

MARCONI 2024 - £1,250 to £1,500

SPECTRUM ANALYSERS
HP 8563A9KHZ-22GHZ Synthesised...........................£6,000
HP 8560A50HZ-2.9GHZ Synthesised Various opts...£1,900- 
...........................................................................................£3,250
HP 8590A10KHZ-1.5GHZ.............................................. £1,400
HP 3580A5HZ-50KHZ.......................................................£295
ADVANTESTTR4132 100KHZ-1000MHZ........................£750

SIGNAL GENERATORS
HP 83731A Synthesised 1-20GHZ................................ £5,000
Marconi 2032 Sig Gen. 10KHZ-5.4GHZ Opt 01/02/06 -
Avionics............................................................................. £3,250
HP 8648ASig Gen 0.1-1000MHZ.....................................£750
Gigatronic 7100 Synth 10MHZ-20GHZ (internal sweep/mod -
130 to +15dBM)............................................................... £3,000
Marconi 2024 9KHZ-2.4GHZ - HPIB used/unused.... £1,250
...........................................................................................£1,500
Marconi 2022E Synthesised AM/FM 10KHZ-1.01GHZ ..£500
Marconi 2019/ASynthesised AM/FM 80KHZ- 
1040MHZ................................................................... £150-£195
HP 33120A Function Gen. 100 microHZ-15MHZ 
used/unused.............................................................. £575-£700
TT.I TG210 Function Gen 0.002HZ-2MHZ TTL etc......... £70
R&S APN62 Synth Function Gen 1HZ-260KHZ Bal/Unbal
Output LCD..........................................................................£195
Mefrix GX5000 Pulse Gen 50MHZ Programmable........ £150
HP 3325ASynthesised Function Gen 21MHZ................ £295

HP 3312A Function Gen 0.1HZ-13MHZ AM/FM
Sweep/Tr/Burst etc............................................................. £175
HP 8112APulse Gen 50MHZ............................................£350
HP 8116 Pulse/ Function Gen 50MHZ...............................£750
Gould J3B Sine/Sq Osc. 10HZ-100KHZ Low 
Distortion.........................................................................£50-£75

FREQUENCY COUNTER/ 
TIMERS

HP 5350B Counter 20 GHZ............................................... £750
Marconi 2440 Counter 20 GHZ....................................... £500
Racal 1998 Counter 10HZ-1.3GHZ.................................. £225
Racal 1991 Counter/Timer 160MHZ 9 Digit.....................£150
HP 53131AUniversal Counter 3GHZ Opt. 001 oven 
mused/used.............................................................£995/£750
HP 53131A Universal Counter 225MHZ Oven-In original 
boxes - unused/used............................................... £700/£600

DIGITAL MULTIMETERS
HP/Agilent 34401A 6 1/2 Digit................................. £500/£550
Solartron 7150Plus 6 1/2 Digit True RMS IEEE with tem 
measurement......................................................................... £75
Auke 77 series 2 3 1/2 Digit Handheld.............................. £45
AVO 8 Mk6 In Ever Ready Case with Leads etc...............£75
AVO 8 Mk5 with Leads etc..................................................£50
Goodwill GVT427 Dual Ch AC Millivoltmeter 10mV in 12 
ranges 10HZ-1MHZ. Unused..............................................£60

MISCELLANEOUS

MARCONI 2955ARadio Communications Test Set.... £1,000 
MARCONI 2955 Radio Communications Test Set £625 
MARCONI 6960B RF Power Meter with head................ £500
MARCONI 893C AF Power Meter Sinad Measurement 
Unused....................................................................................£50
HP 4192A Impedance Analyser with 16047A
Text Fixture etc................................................................ £3,500
HP 8902AMeasuring Receiver 150KHZ-1300MHZ....£4,500
HP 85032ACalibration Kits............................................... £400
SEAWARD Nova Pat Tester............................................£195
BIRD 43 Wattmeter - Many Elements Available................ £75
HUNTRON 1000 Tracker......................................................£75
RACAL DANA 9343M LCR Databridge Digital Auto 
Measurements of RCL QD...................................................£95
RACAL 9008 Automatic Modulation Meter
1.5MHZ-2GHZ.......................................................................£60
MEGGER PAT2 Tester.........................................................£95

POWER SUPPLIES
FARNELLAP60/50 0-60V 0-50A 1KW Switch Mode..... £400
FARNELL H60/250-60V 0-25A.........................................£400
THURLBY PL320QMD 0-30V 0-2ATwice Digital...........£160
H.P 6626APrecision High Resolution 4 Outputs........... £500 

0-7V 0-15MAor 0-50V 0-0.5ATwice 
0-16V 0-0.2Aor 0-50V 0-2ATwice

FARNELL XA35.2T 0-35V 0-2ATwice Digital.................... £95
FARNELL B30/1030V 10AVariable No Meters................. £55
FARNELL LT30-1 0-30 0-1ATwice......................................£60
FARNELLL30.2 0-30v 0-2A.............................................. £50
THURLBY PL3300-32V 0-3ADigital (Kenwood badged).£75
THURLBY PL3200-30V 0-2ADigitial................................ £55
TAKASAGO GM035-2 0-35V 0-2A 2 Meters......................£35

Used Equipment - GUARANTEED. 
Most Manuals supplied 

Please check availability before ordering 
or calling.

Prices plus carriage and VAT
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MIDI
DRUM

KIT
PART 4

...
by JOHN CLARKE

Operating the MIDI Drum Kit via a computer requires 
software to be installed. In the last article in the series we 
describe this final aspect of the MIDI Drum Kit.

AS MENTIONED in earlier parts, if 
you want to use the MIDI Drum 
Kit with a computer, as distinct from 

a MIDI instrument with its own syn
thesiser, you will need to install se
quencer software and perhaps a serial 
port driver (with the option 
to install a USB driver).

The sequencer software 
provides the means to send 
a MIDI signal to the compu
ter and to drive the sound 
card’s synthesiser.

There are many sequenc
ers available on the market; 
we have tested the MIDI 
Drum Kit using Propeller
head’s Reason, the Com
puter Muzys CM Studio, 
Tracktion and Rave.

Rave is, by far, the easi- 
est-to-operate sequencer. 
Of course, you can use 
other sequencer software. 
However, we recommend 
using Rave first unless you 

are already well versed in using the 
others. Rave for Windows is available 
as a free download from the net.

This software (or another sequencer 
program) is the only software you will 
need to install if you are connecting 

While there are many sequencers available, Rave is the 
one we recommend for beginners and novice users. It’s by 
far the easiest to operate.

to the computer using the sound card 
input via a games port. In this case, 
make sure the port settings on the MIDI 
Drum Kit are <MIDI PORTS>.

Many sequencers are a little daunt
ing when you start them up, due to 

their complex control fea
tures. However, the Rave 
sequencer is ideal for first
time users to get the MIDI 
Drum Kit up and running. 
It really is easy to use with 
the MIDI Drum Kit.

If you want added fea
tures, then you must use a 
commercial sequencer.

The Computer Muzys CM 
Studio, for example, is avail
able on the CD supplied 
with Computer Music maga
zine from Future Publishing 
in the UK. (www.comput- 
ermusic.co.uk). Check it 
out at your newsagent. The 
software requires a 500MHz 
PC or Mac.
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Reason can be found at www. 
propellerheads.se and the Tracktion 
sequencer is found at www.rawmate- 
rialsoftware.com or at www.mackie. 
com/traktion.

What, no games port?
Few computers these days have a 

games port. If you are in this position, 
you can connect via a serial port, or 
failing this using a USB port via a USB 
adaptor.

Note, however, USB connection is 
the most finicky way of operating the 
MIDI Drum Kit and if you have a serial 
port it is recommended to use it rather 
than via USB.

For USB use, there are two options. 
First, you can use a serial-to-USB con
verter and use it in conjunction with 
the MIDI serial driver. Software to set 
up a USB-to-virtual serial port driver 
will be required, and this is normally 
supplied with the serial-to-USB con
verter. (See the separate breakout panel 
for the USB installation).

For this option, the Port settings on 
the MIDI Drum Kit will need to be set 
to <SERIAL PORT>.

Alternatively, if you use a MIDI-to- 
USB converter (available from music 
shops or on the net) then you only need 
to install the sequencer software and 
the MIDI-to-USB driver. In this case, 
make sure the Port settings on the MIDI 
Drum Kit are <MIDI PORTS>.

The MIDI-to-USB converter connects 
directly into the MIDI outlet on the 
Drum Kit. Installation of the software 
for this will be included with the con
verter when you buy it.

We will only describe setting up the 
serial-to-USB converter, since this is 
the cheapest option.

Checking computer settings
When installing any programs or 

drivers, you need to be logged on to 
your computer as an administrator. Be
fore installing the sequencer software, 
it is best to check the settings in your 
computer to make sure that the sound 
card is set up correctly for MIDI.

For Windows XP, select Start/Con- 
trol Panel. If it is set in the ‘category 
view’ mode, switch to ‘classic view’. 
Now select sounds, speech and audio 
devices/audio/MIDI music playback.

In the MIDI music playback, select an 
MPU-401-compatible synthesiser (eg, 
Microsoft GS Wavetable SW synth).

Also, make sure volume is up for 
the synthesiser.

Do this by selecting volume in the 
MIDI music playback box and check
ing settings for the SW Synth.

This is similar for Windows 98. In 
this case, select Start/Settings/Control 
Panel/Multimedia/. In the multime
dia properties select MIDI and an 
MPU-401-compatible synthesiser for 
internal synthesis (eg, ESFM Synthe
sis (220)).

Also, check that the volume con
trol level for the synthesiser is up 
(double click the speaker’s icon on 
the taskbar).

Driver signing
Later versions of Windows include 

driver signing. You need to check that 
this is not set to block programs from 
being installed.

To check the settings in Windows

XP, select Start/Control Panel/hard- 
ware/driver signing. Click on the Warn 
only button, if not already selected.

Screen saver and power 
management

When running the sequencer soft
ware, be sure to turn off any screen 
savers and any power-down energy 
management set for your computer. 
You can check these settings in the 
Control Panel and look for the Display 
options.

If you are playing your Drum Kit 
and the screen saver starts or energy 
management shuts down a system, 
expect some huge latency in the sound 
output.

Rave installation
The Rave sequencer program is 

available from the website http://www. 
files1.sonicspot.com/rave/rave.zip. 
The zip file is 647kB and can be un
zipped in the normal way. The soft
ware was written to run on Windows 
3.1, so unless your computer is very 
old, it should run on just about any 
computer using Windows.

We have tested the software on Win
dows 98, Windows Me and Windows 
XP. The only problem we have expe
rienced is during installation, where 
error messages are shown because 
the DOS help file is not installed on 
the computer. This is just a software 
glitch that only occurs because the 
software was written for Windows 
3.1. This operating system relied on 
having DOS installed.

Once the Rave software is installed, 
the error messages do not affect the 
operation of the Rave sequencer.

Download and save the rave.zip 
file from the location shown above to 
a directory (or folder) called C:\rave 
(or similar) and unzip in the normal 
way.

To use the wizard, it is usually only 
a matter of double clicking onto the 
rave.zip file and following the prompts 
to unzip to the rave folder. If you are 
using Windows 3.1, then use Pkunzip 
to extract the zipped files.

When the file is unzipped, double 
click on the setup.exe file. This will in
stall the software to the C:\rave folder. 
During installation, the computer may 
ask if you want to run this software 
with an unknown publisher. In this 
case click on the Run tab.

As mentioned, if you are using a 
current version of Windows that does 
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not include DOS, there will be an error 
message saying could not open the file 
c:\dos\doshelp.hlp. Click on ignore. 
A similar DOS shell error will also be 
shown. Again, click on ignore. Click 
on close after the general protection 
fault error is shown.

The three screens below show the 
error messages:

Check in the Options/Output As
signments. The settings should show 
the MIDI Mapper.

When installation is complete, 
navigate to the folder c:\rave. Single 
click onto rave.exe (c:/rave/rave.exe) 
then to ‘File’ and then select create 
shortcut from the list of options. Drag 
the shortcut to the desktop (this does 
not apply with Windows 3.1). Also 
copy the midiout.drv file (found in 
the c:/rave folder to the c:\windows\ 
system folder.

Serial or USB operation
If you are connecting to the serial 

or USB port, you will need to install 
the requisite drivers now. Details are 
in the separate serial port driver sec
tion and serial-to-USB section. Do 
not forget that if you are using the 
serial-to- USB converter, the MIDI se
rial driver will also be required. For a 
MIDI-to-USB driver, install as per the 
instructions supplied with the unit.

Setting up Rave
Once you’ve started Rave in the 

normal way, select ‘Options’ and 
the ‘midi thru’ box to bring up a tick 
against the MIDI Thru. The sound 
card synthesiser will not produce any 
sounds unless this box is ticked.

Check that the Options/Metro- 
nome/Bars Count In is set to at least 
1 (if this is set to zero you will not be 
able to record)

You will need to add in (check the 
Add New box) the assignment 10 that 
is mapped in channel 10, as shown in 
the set output assignment box. Click 
OK to place this into the output as
signment selections list.

Playing the MIDI Drum Kit
You are finally ready to play the 

MIDI Drum Kit. Connect the serial, 
USB or games port lead between the 
MIDI Drum Kit and the computer, 
switch on the MIDI Drum Kit and check 
that you can play the instrument and 
hear it through the soundcard output 
using headphones 
or loudspeakers. If 
you cannot hear any
thing, make sure the 
volume is turned 
up on the computer 
and that the sound 
works on other me
diums, such as the 
CD player.

If the CD player 
works and sound 
still cannot be heard 
with the Drum Kit, 
double check that 
‘MIDI Thru’ is ticked 
in the Rave/Options 
settings and that you 

have selected the correct port in the set
tings menu on the MIDI Drum Kit. You 
should also check the settings men
tioned in the MIDI serial driver section 
and the serial-to-USB sections.

Recording
To record, select File/new. Save 

as ‘yourfilename’.blk. The follow
ing track details will be displayed. 
Where the Output is shown, change 
the number to 10, otherwise the drum 
sounds will just be instrument notes. 
This channel selection also applies to 
the Computer Muzys and Tracktion 
sequencers.

Click onto the REC(ord) button to 
begin recording. The tape transport 
position marker will start to count up 
after a second or so, and you are now 
recording.

The play, fast wind and stop but
tons operate the same as any tape 
or video recorder, so you can stop, 
rewind and play the composition. 
Selecting File/save saves the recorded 
composition.

You can multi-track record if you 
want to. This lays down another 
recording alongside the original re
cording, leaving the original intact. 
So you can playback with more than 
one track, as if there is more than one 
Drum Kit playing, or you can record 
another instrument such as a keyboard 
to accompany the Drum Kit track.

To multi-track record, left-click 
the mouse pointer in the track name 
block (eg where ‘Silicon Chip 2’ is 
positioned in the screen grab below) 
to select the second track. These are 
initially set with an unnamed label, 
but they can be renamed by right click
ing on the word, using the backspace 
to delete the word and rewriting your 
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required name. The selected track can 
then be recorded as a separate track 
with the original recording.

Up to 32 tracks can be recorded. In 
the right hand blocks, there is the op
tion to change the patch (instrument), 
the volume, pan and quantisation. The 
easiest way to understand the changes 
is to play with them!

Latency
Latency is the delay between the 

MIDI signal being sent to the sequenc
er and when the sound is heard. The 
Rave sequencer does not have a facil
ity to adjust latency, but most other 
sequencer programs do.

Note that latency is sound-card 
dependent. The Realtek sound card in 
our test computer could only provide 
a latency of 32ms minimum when 
used with Propellerhead’s Reason. 
Choosing a shorter latency caused 
sound break-up.

The other commercial sequencers 
we tested did not provide a suitable 
reduction in the latency. Ideally, a 
sound card that supports ASIO (Au
dio Stream Input Output) should be 
used, to allow adjustment for minimal 
latency.

To set latency in Computer Muzys 
select System/Audio Hardware. Then 
select the Driver Type as either a 
Direct Sound or ASIO driver if the 
output device supports it. Select the 
Device Setup tab to alter the latency 
and use the right or left mouse but
ton to increase or decrease the value 
respectively.

The drum sounds will become bro
ken up if this latency is set too small 
in value. Just increase the latency until 
the drums sounds are correct and the 
latency is at a minimum.

Latency problems
Note that if the latency does not 

appear to change, regardless of the 
setting, it is probably due to the 

sound card. It may not be ideally 
suited for direct MIDI input with 
low latency.

Try to update the driver from the 
manufacturer’s website. If this does 
not help, use a sound card that sup
ports ASIO drivers.

When setting the latency for other 
sequencers, you usually select Edit\ 
Preferences\ then select the audio 
section and change the sound card 
driver.

The slowest sound card driver is the 
MME type, while the ASIO types are 
the fastest. If your sound card does not 
support the ASIO driver then select 
a Direct Sound driver. The latency 
figure is usually shown as each driver 
is selected.

Also, the buffer size must be ad
justed so that it is at a minimum, but 
not so small that the sound for the 
drums becomes broken up.

The Tracktion sequencer has a 
direct latency adjustment that is 
found under the settings selec
tion. Choose a low latency that also 
works without affecting the sound.

This screen shot shows the set up 
for operating the MIDI Drum Kit. To 
enable sound you must select channel 
10, the enable end to end tab and the 
e-to-e box.

Note that any of the settings made 
on the MIDI Drum Kit, such as the 
patch, volume and pan will not be 
implemented if the changes are made 
when the sequencer is not running. 
Switch the Drum Kit power on and 
off if you need the new settings to be 
activated.

Also, you may need to adjust the 
Repeat and Threshold settings on the 
MIDI Drum Kit to allow the pads to be 
played at as fast a rate as possible and to 
prevent one sensor pad from triggering 
another. Details on these adjustments 
can be found in Part 1, Dec ’07.

This is a basic rundown on how to 
use the software, sufficient to enable 
you to play and record, plus do some 
multi-tracking.

We hope you enjoy using your MIDI 
Drum Kit.

Macintosh Computers
Although we have not tried it, Mac 

users should be able to use the MIDI 
Drum Kit by using a Mac version 
MIDI sequencer - for example the 
ComputerMuzys CM studio, Track- 
tion and Reason.

There are at least two options 
when making the connections be
tween the MIDI Drum Kit and the 
Mac. You may need to visit a music 
shop and purchase a cable or con
verter. The simplest option is to use a 
MIDI-to-printer-port cable. The Mac 
already has MIDI drivers installed 
for this connection, but it is only use
ful if you have a printer port.

For USB connection, you will 
require a USB-to-MIDI converter, 
such as the Yamaha UX96. This 
converts from the MIDI outlet on the 
MIDI Drum Kit to USB format. The 
driver supplied with the converter 
will need to be installed.

Reproduced by arrangement with 
SILICON CHIP magazine 2008. 

www. siliconchip .com.au
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Installing the MIDI Drum Kit serial driver
The serial driver is commercial software, written by 

Yamaha Corporation for their MIDI musical instruments. It 
supports Windows 95, 98, Me, NT, 2000 and XP The driver 
automatically detects your operating system and installs 
one of two versions best suited for your computer. Both 
files are contained in a file called cbxdrv201w.zip. This is a 
971kb file and is designed for use with a COM1 or COM3 
port. When using a serial port connection, make sure that 
you have a free COM1 to COM4 communications port on 
your computer before installing the driver.

If you are already using a COM port (eg, for a serial mouse 
and external modem), you may have to free up one of these 
ports so you can use the MIDI Drum Kit with this serial port 
driver. In general, the modem connection could be used, 
or if you only have one serial port, use this and connect 
your serial mouse to a USB port using commonly available 
USB- to-serial converters (or buy a USB mouse).

When used in conjunction with a USB-to-serial converter, 
the COM port numbers apply to the virtual serial port created 
with the USB-to-serial driver software (see its installation in 
the separate section).

The Yamaha serial driver file can be obtained from www.

This dialog box will 
be displayed. Normally, 
it reminds the user to 
select the PC-2 position 
on the Yamaha MIDI 
unit’s ‘TO HOST’ select
switch, but for our MIDI Drum Kit, it reminds us to select the 
serial port setting on the Drum Kit. Restart the computer to 
finalise the installation.

yamaha.co.uk/xg/download/tools/cbxdrv201w.zip. Save 
the file to a directory (or folder) called c:\midicbx (or similar) 
and unzip in the usual way.

A readme file will be unzipped to one of the folders (c:\mid-
icbx\cbxdrv201 w\setupdir\009\readme.txt) and this describes in 
detail how to set-u p the driver for the various Windows operating 
system versions. In abbreviated form, double click on the setup. 
exe (found in the setup folder) file and follow the prompts.

When the ‘select COM ports’ dialog shows, check the 
COM port that you are going to use.

Correct installation 
can be seen in the 
sounds and audio de
vices properties box.

For Windows XP, 
select Start/Control 
Panel, then switch to 
Classic View if set in 
the Category View 
mode. Now select 
Sounds, Speech and 
Audio Devices/Audio/ 
MIDI music playback.

In the mIdI music 
playback, select the 
down arrow to check 
if the Yamaha CBX A 
Driver is installed. Do

The selection is dependent upon how many serial
ports you have and 
which one you are 
going to use for 
the MIDI Drum Kit 
connection.

Note that if you 
are connecting via 
USB, then select a 
COM port number 
that does not cor
respond to a serial 
port that is already 
installed.

- we are just looking 
to see if it is there, so 
keep the original SW 
Synth setting.

Once installed, 
you can change set
tings and disable the 
driver without unin
stalling it. To do this, 
select Start/Control 
Panel and double-

not select this driver

click on the Yamaha CBX driver icon.

Click on the 
Next button and 
the MIDI output 
ports dialog will 
be shown. For our 
purposes, select 
the ‘Use single 
MIDI’ output port.

Click on Next 
and that completes 
the installation.

When you double-click on the 
Yamaha CbX Driver Icon, the CBX 
Driver Setup box will be displayed. 
You can select the COM port 
(again) and enable or disable the 
driver. The greyed out selections 
cannot be used.

When using this driver with Rave, 
you can see if it is connected cor
rectly by selecting Options/Synchro- 
nisation. If correct, the Yamaha CBX

Driver will be displayed in the Synchronisation input port box.

Removing the Yamaha CBX driver
Navigate to the c:\midicbx folder and double-click setup.exe. 

The Setup dialog will appear. Follow the prompts to remove 
the driver. Restart the computer to complete the removal.

USB operation (via serial-to-USB converter)
When connecting the MIDI Drum Kit using a USB port, you
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will need a USB-to-serial (DB9) converter. This unit converts 
the serial signal from the MIDI Drum Kit’s serial port output to 
a USB signal. The software supplied with this converter then 
produces a virtual serial port on the computer, which can 
be read by the Yamaha MIDI serial port driver that is already 
installed.

Both the virtual serial port and the MIDI serial port driver must 
be set to the same COM port number. Note that if you have a 
serial port on your computer, it is preferable not to select the 
same COM port number for the virtual port.

To install the USB-to-serial converter and the software, plug 
in the USB unit. The computer will alert that new hardware 
has been installed. In Windows XP the Add New Hardware 
wizard will start up and assist in setting up the USB converter. 
When prompted, insert the CD ROM and select the ‘USB to 
serial cable’\WN DRIVER\98-2009-2K20021 folder. Click next 
to install.

If you have problems with this method, disconnect the USB-to- 
serial converter, wait ten seconds and reconnect. When the 
new hardware has been detected and the Add New Hardware 
wizard opens, select the install from a list or specific location, 
then click onto next.

Select ‘Don’t search I will choose the driver to install’. 
Click onto Next. Click on ‘Have disk’ then browse to the CD 
ROM\WN Driver\98-2009-2K20021\serspl.inf. Click onto open, 
then OK and Next.

A warning may appear to say that the software is not logo 
tested for compatibility with Windows. Click on the ‘Continue 
Anyway’ button.

Uninstalling or reinstalling
Make sure the USB-to-serial driver is plugged into the com

puter and select Start/Control Panel/system. In the system 
properties select hardware/device manager/ ports (COM & 
LpT). Select the ‘Prolific USB-serial-bridge’. Double-click on 
this, then select Driver/uninstall and OK when it prompts you 
to uninstall. You can reinstall using this method by selecting 
the update driver button and going to the folder on the CD 
ROM as before.

To change the COM port setting on the USB-to-serial 
converter, select Start/Control Panel/system. In the system 
properties select Hardware/Device Manager/Ports (COM & 
LpT). Select the ‘Prolific USB-serial-bridge’. Double-click on 
this, then select port settings/advanced. Select the COM port 
number from the drop down menu. Note that the port number 
must match the port number selected for the Yamaha MIDI 
serial port driver. You can only select the ports that the Yamaha 
MIDI serial port driver allows. In our case, as shown in the 
Yamaha CBX driver setup, this is COM1 or COM3.

Notes on the USB connection
1. You can connect the USB-to-serial converter to the MIDI 

Drum Kit in one of two ways. First, you can use a DB9 extension 
cable. The cable connects to the MIDI Drum Kit serial outlet 
and the socket end connects to the USB-to-serial converter. 
Plug the USB end into the computer.

Alternatively, if you only require a short connection, the 
USB converter can be directly connected to the MIDI Drum 
Kit serial outlet. In this case, the retaining screws on the MIDI 

Drum Kit serial outlet will need to be removed. A 1.8m USB 
2.0 A-to-A extension cable can be used to make the com
puter connection.

2. If you plug the USB-to-serial converter into a different 
USB port on the computer, you will need to install the driver 
for that USB port. It’s better to always plug into the original 
USB port where the driver was installed.

3. Avoid plugging the USB-to-serial unit into the computer 
while the MIDI Drum Kit is switched on, or the computer may 
sometimes decide the device is a mouse or similar ‘human 
interface device’ rather than the USB converter. If this hap
pens, you will need to reinstall the USB-to-serial converter 
software as detailed above or click onto the driver ‘roll-back’ 
button instead of the ‘reinstall button’. This last option reverts 
the driver to the previous USB-to-serial driver and installation 
is quicker as you do not need the CD ROM.

4. If you see this panel when starting Rave, it means that 
the MIDI Drum Kit will not (at present) work with the USB 
converter. The panel 
indicates that the virtual 
port data is corrupted. It 
could be that the serial- 
to-USB converter is not 
connected, or simply that 
the USB converter has to 

Rave

Openng the wave devxe wi prevent 
you from usnQ the mdm port do 
you want to open the wave device ?

I ' I_ *_ I
be reset.

Alternatively, the COM ports selected for the Yamaha 
serial driver and the USB-to-serial driver may not be the 
same number.

In the first two cases, click on the ‘No’ button and then 
OK on the copyright panel when Rave starts. Exit from Rave 
in the normal way.

Unplug the USB connection and wait for the disconnect 
confirmation, then reconnect it and start Rave again. The 
wave device-warning panel should not appear this time.

5. If you switch off the MIDI Drum Kit while you are within 
Rave, then the only way to have the MIDI Drum Kit play again 
is to exit from Rave and then restart it.

Similarly, in Computer Muzys, you may receive this error 
when starting.

In this case, exit from the program, disconnect the USB 
connection and reconnect it. Restart the program.

The Computer Muzys MIDI port is set using the System/MIDI
Hardware selection 
and the MIDI Hard
ware set-up panel 
will be shown. Make 
sure you also select 
channel 10 for MIDI 
In by right clicking 
on the input box and 
selecting channel 10 
from the pull-down 
menu. EPE
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★ LETTER OF THE MONTH ★
Thoughts on Power Generation

Dear EPE,
Following Mark Nelson’s comment 

regarding Tesla and power transmission 
Oct ’07, here are a few historical thoughts 
on the subject that may generate interest.

“Electric power is present everywhere in 
unlimited quantities and can drive the 
World’s machinery without the need of 
coal, oil, gas, or any other fuels.” - Nikola 
Tesla 1898

When Faraday had become world 
famous for his invention of the dynamo in 
the 1850s he was not satisfied with his lim
ited success. Faraday wrote the following 
after testing the magnet powered generator,

“There is a wheel in the physical mech
anism of the action that is missing, where
by electricity (energy) should be derived 
from magnetism without the expenditure 
of mechanical energy.

For my own part, considering the rela
tionship of a vacuum to the magnetic force, 
and the general character of magnetic phe
nomena external to the magnet, I am much 
more inclined to the notion that in the 
transmission of the force there is such an 
action, external to the magnet, than that the 
effects are merely attraction and repulsion 
at a distance. Such an action may be a func
tion of the ether; for it is not unlikely that, 
if there be an ether, it should have other 
uses than simply the conveyance of radia
tion.” - Michael Faraday

“Modern physics views the vacuum of 
empty space not as a void but as a plenum 
of randomly fluctuating electromagnetic 
fields known as the zero-point energy 
(ZPE).” - Harold Aspden

“It is characteristic of fundamental dis
coveries, of great achievements of the intel
lect, that they retain an undiminished 
power upon the imagination of the thinker. 
The memorable experiment of Faraday 
with a disc rotating between two poles of a 
magnet, which has borne such magnificent 
fruit, has long passed into every day expe
rience; yet there are certain features about 
this embryo of the present dynamos and 
motors which, even today, appear to us as 
striking and are worthy of the most careful 
study.” - Nikola Tesla

“Empty vacuum - pure ‘emptiness’ so to 
speak. - is filled with rivers and oceans of 

seething energy, just as Nikola Tesla point
ed out. It is running off the fact that vacu
um space-time itself is nothing but pure 
massless charge. That is, vacuum has a 
very high electrostatic scalar potential - it 
is greatly stressed.

To usefully tap the enormous locked-in 
energy of that stress, all one has to do is 
crack it sharply and tap the vacuum oscil
lations that result. The best way to do that 
is to hit something resonant that is imbed
ded in the vacuum, then tap the resonant 
stress of the ringing of the vacuum itself.

In other words, we can ring something 
at its resonant frequency and, if that some
thing is imbedded in the vacuum, we can 
tap off the resonance in vacuum stress, 
without tapping energy directly from the 
embedded system we rang into oscilla
tion. So what we really need is something 
that is deeply imbedded in the vacuum, 
that is, something that can translate ‘vacu
um’ movement to ‘mass’ movement.” - 
John Bodini

“Every disturbance of the ether, includ
ing radiation as one type of disturbance, is 
originated by translatory motion of elec
trons through the ether. The ether is a per
fect fluid endowed with rotational 
elasticity.

I surmised that round a magnetic loop 
the ether is circulating, not necessarily 
quickly, but circulating, as a curtain ring 
might be spinning in its own plane, or like 
the rim of a spinning top or fly wheel; and 
that the energy is represented by this circu
lation.” - Sir Joseph Larmor

“There is indeed a situation here where
by energy is being obtained from a previ
ously unknown and unexplained source. 
This is a conclusion that most scientists 
and engineers would reject out of hand as 
being a violation of the accepted laws of 
physics, and if true has incredible implica
tions.” - Robert Kincheloe

“The vast interplanetary and vast inter
stellar regions will no longer be regarded as 
waste places in the universe. We shall find 
them to be already full of this wonderful 
medium; so full that no human power can 
remove it from the smallest portion of 
space or produce the slightest flaw in its 
infinite continuity”. - James Clerk 
Maxwell

Maxwell and Faraday, the pioneers of 
electromagnetism, believed that the fields 
consisted of matter in motion. This is 
stated in no uncertain terms in Maxwell’s 
book A Dynamical Theory of the Electro
magnetic Field. In fact, Maxwell used a 
dynamical model to derive his famous 
equations. This fact has all but been lost 
in current books on electromagnetic the
ory. The quantity which Maxwell called 
electromagnetic momentum is now 
referred to as the vector potential.” - Sir 
Gordon Lodge

“The theory I propose may be called a 
theory of the electromagnetic field because 
it has to do with the space in the neigh
bourhood of the electric or magnetic bod
ies, and it may be called a Dynamical 
Theory, because it assumes that in that 
space there is matter in motion, by which 
the observed electromagnetic phenomena 
are produced.

In speaking of the energy of the field, 
however, I wish to be understood literally. 
All energy is the same as mechanical ener
gy, whether it exists in the form of motion 
or in that of elasticity, or in any other form. 
The energy in electromagnetic phenomena 
is mechanical energy.” - James Clark 
Maxwell

“There are secrets and mysteries sur
rounding magnets and collapsing field 
energies, and only after exhaustive studies 
of these two phenomena in practice, do 
these mysteries unravel themselves and 
emerge in their glory.” - Robert Adams

“The key to understanding and explain
ing the baffling situation of anomalous 
excess electrical energy generated in free 
energy machines, lies in a reinterpretation 
of magnetism as not being a property of the 
magnet, but of space itself. The spatial dis
tortion induced into the homogeneous 
Primordial Energy Field by the anisotropy 
of the magnet is what we call magnetism.“ 
- Bruce DePalmer

“I think it is possible to utilize magnet
ism as an energy-source. But we science 
idiots cannot do that; this has to come from 
the outside.” - Werner Heisenberg,

Raymond Dale, via email

Thanks for these Raymond. Readers, any 
further thoughts?
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Flowcharts
Dear EPE,
Further to Mike Hibbett’s look at flow

charts in PIC n’ Mix, Rapid Electronics lists 
a flow chart stencil (along with lots of other 
traditional items, intended for education) in 
their current catalogue. Even after adding 
VAT, it’s not expensive!

Godfrey Manning G4GLM, Edgware, 
via email

Thanks Godfrey, that was a great piece 
of detective work! I’m sure others will 
be interested to know they can still be 
purchased.

Mike Hibbett, via email

Thanks from me too Godfrey.

Witricity
Dear EPE,
Techno Talk Oct ’07 makes reference to 

Tesla and his original ideas in this regard. 
There is no doubt that transmission of ener
gy without wires, albeit in waveguides, is 
possible, as your humble microwave oven 
shows. It is all a matter of frequency, power 
density and acceptable losses if my memo
ry on Radar theory serves me right.

A relatively recent book by Gerry 
Vassilatos, entitled Project HAARP and 
Beyond, expounds some fascinating (con
spiracy?) theories regarding the transmis
sion of gigawatts of energy derived from 
Alaskan oil, by means of radio energy in 
waveguides, to sites in the USA thousands 
of kilometres distant. The idea is to ‘write’ 
a waveguide in the earth’s magnetic field 
lines by means of lasers, from the transmit
ter site in Alaska to the receiver site. The 
waveguide will contain a 45 degree reflect
ing ‘mirror’, also laser-written, to beam the 
energy towards earth. The magnetic lines 
are, of course, vertical near the poles, per
mitting the writing of the waveguide down 
to ground level.

Sounds far-fetched, but according to 
Vassilatos the CIA, the USA Govt and oth
ers are behind it because of its military 
potential.

Leon van der Merwe, Pretoria, 
South Africa

Interesting concept Leon, thanks

Commands and Instructions
Dear EPE,
I note with interest your new Teach In 

series. A point of contention I have is the 
use of the term Command. When teaching 
or explaining about microprocessors, the 
reference to their basic operation is that of 
fetching and executing Instructions and not 
Commands as quoted in the text.

Since the 1970s I have lectured in 
Electronic Engineeering, specialising in 
microprocessors and have always stressed 
the importance of using the term 
Instruction. The term Command implies a 
higher level of operation and not the basic 
operation of a microprocessor. It can be 

noted that manufacturers relate to the 
Instruction Set of a microprocessor and not 
to a Command Set.

Terry Apps MSc., CEng., MIEE (Rtd)

Thanks Terry. I have been programming 
for well over 30 years and have always 
used the term Command. I have never been 
queried on this point before. Old habits are 
hard to change, and I doubt that I shall.

Anti-Static Measures
Dear EPE,
To amplify Robert Penfold’s Practically 

Speaking, Nov ’07, on the topic of electro
static damage protection, I should say that 
all semiconductor devices must be treated 
as if they are static-sensitive, regardless of 
datasheet or long-held belief. It is not wide
ly understood that static damage does not 
necessarily result in instant or total destruc
tion of a device, it may equally result in 
latent damage which may manifest some 
time later, after a product has been manu
factured and tested and is in field operation.

Obviously, this is of great concern to a 
commercial organisation, where a high rate 
of in-service premature failures will be of 
significant damage to the company’s repu
tation, but it is not exactly convenient for 
the amateur either.

While it is true that the older technolo
gies were far more robust (the insulating 
layers were much thicker), it is better to 
take precautions as a habit than to make 
decisions about it each time.

The article did mention, but I will 
emphasise here, the need for personal safe
ty. Workstation mats and earthing leads 
have built-in resistances of several mega
ohms, designed to prevent injurious cur
rents electrocuting the user if he or she 
happens to touch something live. After all, 
it is not a good idea to provide a current 
path to earth through the body!

Improvising with tin (aluminium) foil is 
not recommended, especially if you want to 
power up your creation on the test bench! If 
you must (something is better than noth
ing), then I suggest you DO NOT connect it 
to mains earth. What is needed is an equal
isation of voltages, and not necessarily a 
grounding of them. Therefore, by connect
ing yourself to the foil work surface (rest a 
hand on it from time to time) the danger is 
neutralised without personal risk.

Ken Wood

Yes Ken, many of us more experienced 
constructors know this, but it is not widely 
publicised.

SMS Controller
Dear EPE,
I refer to the question by James Cells 

(Nov ’07) asking if any other readers expe
rience problems with the SMS Controller 
switching off the phone randomly. My 
business in South Africa is manufacturing 
and selling SMS controllers (five models) 
using our own PIC programs and 

refurbished Nokia 5110 phones. The phone 
does not switch off at all by itself unless the 
battery of the phone is flat, when the power 
supply was off so that the battery of the 
5110 could not be charged by the built-in 
charger with automatic on/off control.

If that happens, our controller will iden
tify comms lost when the power supply is 
restored, switch on the built-in charger and 
then switch on the phone over the FBUS. I 
suppose that is the benefit of using your 
own PIC program instead of soldering 
wires to the phone. Our 2-channel model 
uses an SMS (password protected) or a 
‘missed call’ by up to 250 users whose 
numbers are on the phone of the controller 
to activate/deactivate the output (pulse or 
latch). Users could be added on, or deleted 
from, the controller phone on (a) the phone 
keypad or (b) an SMS from any cell phone 
using a password - very convenient for 
large number of users using an electric gate 
at townhouses where people move in and 
out every month.

When the 3V to 12V DC input is trig
gered, the controller will send an SMS to 
the user or the unit could call up to three 
users, repeated five times in sequence, until 
the call is acknowledged by any of those 
three users.

Jan Henning, Janca Electronics, 
South Africa

Thanks Jan, I’m sure interested readers 
will Google on your company for more 
information.

What Energy Saving?
Dear EPE,
In comment to the Readout letter regarding 

low energy lamps in the December issue:
The energy saving is in the transmission 

and distribution through the electrical supply. 
A typical low energy lamp only requires 
around one fifth the energy required by a 
standard lamp. The individual savings are 
nominal, but consider the theoretical savings 
of 1000s of megawatts that need not be gen
erated if we all replaced a few lamps.

The question really is, are these savings 
greater than the energy required to produce 
and distribute low energy lamps? (Do not for
get to take into account the energy required to 
produce and distribute standard lamps.)

Elemer Nyiry, via email

Indeed Elemer, ‘balancing the books’ in 
this type of situation is very complex.

ADE7756AN Chip
The following thread recently came 

about on our Chat Zone (access via 
www.epemag.co.uk):

electron: Many thanks to John Becker 
for publishing my email offer in the 
December issue. I have already received 
enquiries for this device from readers.The 
effort I put in to obtain these devices is now 
paying off!

john_becker: That’s great Electron. I’m 
pleased to help.
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EPE PIC PROJECTS 
VOLUME 1 

MINI CD-ROM Vol 1
Vol 2
Vol 3

A plethora of 20 ‘hand-PICked’ PIC 
from selected past issues of EPE 
Together with the PIC programming 
software for each project plus bonus articles 
The projects are:
PIC-Based Ultrasonic Tape Measure
You’ve got it taped if you PlC this ultrasonic distance measuring 
calculator
EPE Mind PICkler
Want seven ways to relax? Try our PIC-controlled mind machine!
PIC MIDI Sustain Pedal
Add sustain and glissando to your MIDI line-up with this 
inexpensive PIC-controlled effects unit
PIC-based MIDI Handbells
Ring out thy bells with merry tolling - plus a MIDI PIC-up, of 
course!
EPE Mood PICker
Oh for a good night’s sleep! Insomniacs rejoice - your wakeful 
nights could soon be over with this mini-micro under the pillow!
PIC Micro-Probe
A hardware tool to help debug your PIC software
PIC Video Cleaner
Improving video viewing on poorly maintained TVs and VCRs
PIC Graphics LCD Scope
A PIC and graphics LCD signal monitor for your workshop
PIC to Printer Interface
How to use dot-matrix printers as data loggers with PIC 
microcontrollers
PIC Polywhatsit
A novel compendium of musical effects to delight the creative 
musician
PIC Magick Musick
Conjure music from thin air at the mere untouching gesture of a 
fingertip
PIC Mini-Enigma
Share encrypted messages with your friends — true spymaster 
entertainment
PIC Virus Zapper
Can disease be cured electronically? Investigate this 
controversial subject for yourself
PIC Controlled Intruder Alarm
A sophisticated multi-zone intruder detection system that offers a 
variety of monitoring facilities
PIC Big-Digit Display
Control the giant ex-British Rail platform clock 7-segment digits 
that are now available on the surplus market
PIC Freezer Alarm
How to prevent your food from defrosting unexpectedly
PIC World Clock
Graphically displays world map, calendar, clock and global 
time-zone data
PICAXE Projects
A 3-part series using PICAXE devices - PIC microcontrollers 
that do not need specialist knowledge or programming 
equipment
PIC-based Tuning Fork and Metronome
Thrill everyone by at long last getting your instrument properly 
tuned!
Versatile PIC Flasher
An attractive display to enhance your Christmas decorations or 
your child’s ceiling

Project:

ONL pen

£14.45
INCLUDING

VAT and P&P

Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 

or www.epemag.com (USA $ prices) 
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NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a 
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BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE!

Everyday Practical Electronics, March 2008 73

http://www.epemag.wimborne.co.uk/shopdoor.htm
http://www.epemag.com
mailto:orders@epemag.wimborne.co.uk


Surfing The Internet

Net Work
Alan Winstanley
A fine mashup

Shopping online has become second nature for many of us, and 
the preceding Christmas period showed that many shopping sites 
had geared up successfully to take advantage of e-commerce, 
ensuring they did not over-sell and had adequate stock to deliver on 
the appointed day. Buyers showed more faith in Internet shopping 
than before and were more confident ordering perilously close to 
the Christmas shut-off.

Naturally, some buyers were disappointed that their item 
failed to arrive in time, but these were very small in number 
compared to the huge turnover of business - Amazon UK report
edly handled nearly 5.5 million orders on a single business day 
in December 2007. The effective use of CRM (customer rela
tionship management) systems, and the use of timely and 
focussed email shots, meant that many Internet suppliers 
indulged in a bumper online shopping spree, unlike traditional 
retail stores, whose sales continued to fall: this was evident in 
December in some empty-looking stores whose staff often out
numbered shoppers.

Not all is sweetness and light online though. An example of how 
not to do it was shown by one online store who replied to my 
enquiry about an error on their website and stock availability with 
a terse ‘currently out of stock’. With everyone under pressure to 
churn out email responses, first impressions count for everything 
and extra care is needed with courtesy and good ‘netiquette’ to 
ensure that customers feel their business is valued.

Keeping tabs
Of course, one of the main benefits that the Internet brings is the 

simplicity of comparing websites. Using Internet Explorer 7 or 
Firefox, you can navigate to a new website by opening a new tab 
(press CTRL + T) and typing a new URL. Then switch tabs to trav
el between multiple websites and home in on the best deal.

This is fine if you know where to shop. One of Google’s increas
ing infuriations is that when 
searching for a specific prod
uct or service, the search 
engine will latch onto certain 
keywords and then display 
page after monotonous page 
of shopping directory website 
links, where you have to start 
the search all over again. The 
same is true for hotel, insur
ance or holiday searches: 
Google has a policy of 
focussing intensively on price 
comparison directories such 
as Kelkoo, Bizrate, Price 
Runner or Dealtime and, of 
course, it manages to drill into 
eBay’s items too. 
Understandably, price com
parison sites (called ‘mashup’ 
sites, because they combine 
data from several sources), 
such as Pricecomparison. 
co.uk are becoming more 
influential on a consumer’s The vouchercodes.com website has links to all the latest discount
choice. voucher offers

If you are anything like the writer, your eyes soon blur after 
seeing endless pages of meaningless directory results. Usually I 
sample two or three sites to get a feel for price and then choose a 
preferred supplier. It is becoming impossible to cope with the sheer 
volume of online choices, and one of the more perverse aspects of 
online shopping - security issues apart - is that it can soon become 
very time consuming and onerous trying to find the best online 
deal (let alone whether they have the stock, and whether they can 
deliver). Remember that in the UK, the Consumer Protection 
(Distance Selling Regulations) 2000 gives all consumers a seven 
working day cooling off period for the majority of goods, but the 
onus is on you to return goods in as new, original condition. More 
details are at http://tinyurl.com/yr7c7k

For some people, shopping will always be a social thing of wan
dering around stores and meeting people: in that case, the web 
enables you to swot up on specifications and compare different 
products beforehand. The best buyers (which stores hate!) are 
always in possession of the facts, so use the price comparison sites, 
read reviews and check specifications before visiting a store.

During the coming year it will be interesting to see how major retail 
stores respond to the increasing trend of knowledgeable web shoppers, 
like Net Work readers, checking out physical goods instore before buy
ing online from a cheaper source: expect more pressure from hungry 
retail staff and more incentives to buy on the spot.

I’ll vouch for that
Consumers face increasing information overload, and you can 

bet that marketeers will use ever more ingeniuous and insistent 
methods to get their message across. Perhaps 2007 should have 
been dubbed the ‘Year of the Voucher’. A highly effective guerril
la marketing technique, money off vouchers circulate almost 
unseen on the Internet, where they are pounced on by shoppers 
hoping to bag a bargain. Typically, vouchers offer some 
form of cash discount or some other incentive, and a new genre 

of websites has sprung 
up designed (most impor
tantly) to attract visitors 
and exchange the latest 
vouchers.

Anything from domain 
names to dishwashers can be 
the subject of a correspon
ding voucher, so all you 
have to do is hunt them 
down. These are usually in 
the form of a discount code 
that is entered in the shop
ping cart checkout phase. 
Simply Google for ‘discount 
vouchers’ - perhaps include 
your favourite retail’s name 
- and links to many special
ist sites will be revealed. 
Popular sites include 
www.vouchercodes .com 
and http://www. voucher- 
codes.co.uk. Shop till your 
line drops!

You can email me at:
alan@epemag.demon.co. uk
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Electronics Teach-In 
+ Free CD-ROM

Mike Tooley
A broad-based introduc

tion to electronics - find out 
how circuits work and what 
goes on inside them. Plus 
15 easy-to-build projects. 
The 152 page A4 book 
comes with a free CD-ROM 
containing the whole 
Teach-In 2006 series (orig
inally published in EPE) in 
PDF form, interactive 
quizzes to test your knowl
edge, TINA circuit simula
tion software (a limited ver
sion - plus a specially writ
ten TINA Tutorial), together 
with simulations of the cir
cuits in the Teach-In series, plus Flowcode (a limited ver
sion) a high level programming system for PIC microcon
trollers based on flowcharts.

The Teach-In series covers everything from Electric 
Current through to Microprocessors and Microcontrollers 
and each part includes demonstration circuits to build on 
breadboards or to simulate on your PC.

In addition to the Teach-In series, the book includes 15 
CMOS-based simple projects from the Back-To-Basics 
series by Bart Trepak, these are: Fridge/Freezer Alarm, 
Water Level Detector, Burglar Alarm, Scarecrow, Digital 
Lock, Doorchime, Electronic Dice, Kitchen Timer, Room 
Thermometer, Daily Reminder, Whistle Switch, Parking 
Radar, Telephone Switch, Noughts and Crosses Enigma 
and a Weather Vane. There is also a MW/LW Radio pro
ject in the Teach-In series.

152 pages + CD-ROM Order code ETI £8.50

Robotics
INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold
Shows the reader how to build a variety of increasingly sophis
ticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together” components supplied in the basic RIS kit. Then 
explains in simple terms how the “brain” of the robot may be 
programmed on screen using a PC and “zapped” to the robot 
over an infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC may 
be used to control the robots.

Details building and programming instructions provided, 
including numerous step-by-step photographs.

288 pages - large format Order code BP901 £14.99

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold

Covers the Vision Command System

Shows the reader how to extend the capabilities of 
the brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some sim
ple home constructed units. You will be able to build 
robots that can provide you with ‘waiter service’ when 
you clap your hands, perform tricks, ‘see’ and avoid 
objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft’s VisualBASIC running with the ActiveX con
trol (Spirit.OCX) that is provided with the RIS kit.

Detailed building instructions are provided for the fea
tured robots, including numerous step-by-step pho
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 
specific colour.
298 pages Order code BP902 £14.99

ANDROIDS, ROBOTS AND ANIMATRONS - Second 
Edition - John Iovine
Build your own working robot or android using both off- 
the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert sys
tem and a neural network). A lifelike android hand can be 
built and programmed to function doing repetitive tasks. A 
fully animated robot or android can also be built and pro
grammed to perform a wide variety of functions.

The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power 
Controllers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligence); Making a Lifelike Android Hand; A 
Computer-Controlled Robotic Insect Programmed in 
BASIC; Telepresence Robots With Actual Arcade and 
Virtual Reality Applications; A Computer-Controlled 
Robotic Arm; Animated Robots and Androids; Real-World 
Robotic Applications.

224 pages Order code MGH1 £16.99

DIRECT BOOK SERVICE
NOTE: ALL PRICES INCLUDE UK POSTAGE

The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order to your door. Full ordering details are given on the last book

For a further selection of books see the next two issues of EPE.

Radio
BASIC RADIO PRINCIPLES AND TECHNOLOGY 
Ian Poole
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to 
point radio as well as the new technologies of satellites 
and cellular phones. All of these developments mean 
there is a growing need for radio engineers at all levels.

Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic.

Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; 
Transmitters; Antenna Systems; Broadcasting; Satellites; 
Personal Communications; Appendix - Basic 
Calculations.

A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander.

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts.

92 pages Order code BP304

AN INTRODUCTION TO AMATEUR RADIO
I. D. Poole

£4.45

263 pages Order code NE30 £20.00

PROJECTS FOR RADIO AMATEURS AND S.W.LS.
R. A. Penfold
This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems.

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets;

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the century. This book gives the newcomer a 
comprehensive and easy to understand guide through 
the subject so that the reader can gain the most from the 
hobby. It then remains an essential reference volume to 
be used time and again. Topics covered include the 
basic aspects of the hobby, such as operating proce
dures, jargon and setting up a station. Technical topics 
covered include propagation, receivers, transmitters and 
aerials etc.
150 pages Order code BP257 £5.49

Computers and Computing
THE INTERNET FOR THE OLDER GENERATION
Jim Gatenby
Especially written for the over 50s. Uses only clear and 
easy-to-understand language. Larger type size for easy 
reading. Provides basic knowledge to give you confi
dence to join the local computer class.
This book explains how to use your PC on the Internet 
and covers amongst other things: Choosing and setting 
up your computer for the Internet. Getting connected to 
the Internet. Sending and receiving emails, pho
tographs, etc., so that you can keep in touch with fami
ly and friends all over the world. Searching for and sav
ing information on any subject. On-line shopping and 
home banking. Setting up your own simple web site.

228 pages Order code BP600 £8.99

THE PIC MICROCONTROLLER
YOUR PERSONAL INTRODUCTORY COURSE -
THIRD EDITION 
John Morton
Discover the potential of the PIC micro
controller through graded projects - this book could 
revolutionise your electronics construction work!

A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is one 
of the most popular of the microcontrollers that are trans
forming electronic project work and product design.

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
- you start work with the PIC straight away.

The revised third edition covers the popular reprogram
mable Flash PICs: 16F54/16F84 as well as the 12F508 
and 12F675.

270 pages Order code NE36

PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C

£18.50

BUILD YOUR OWN PC -
Fourth Edition 
Morris Rosenthal
More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying 
and actually fun. That is, if they have a unique begin
ner’s guide like this one, which visually demonstrates 
how to construct a state-of-the-art computer from start 
to finish.

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of com
puter building. The extra-big format makes it easy to see 
what’s going on in the pictures. The author goes ‘under 
the hood’ and shows step-by-step how to create a 
Pentium 4 computer or an Athlon 64 or Athlon 64FX, cov
ering: What first-time builders need to know; How to select 
and purchase parts; How to assemble the PC; How to 
install Windows XP. The few existing books on this sub
ject, although outdated, are in steady demand. This one 
delivers the expertise and new technology that fledgling 
computer builders are eagerly looking for.

- Learning to Fly the PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA)

A Microchip insider tells all on the newest, most 
powerful PICs ever! Focuses on examples and exercis
es that show how to solve common, real-world design 
problems quickly. Includes handy checklists to help 
readers perform the most common programming and 
debugging tasks. FREE CD-ROM includes source code 
in C, the Microchip C30 compliler, and MPLAB SIM 
software, so that readers gain practical, hands-on 
programming experience.

Until recently, PICs didn't have the speed and mem
ory necessary for use in designs such as video- and 
audio-enabled devices. All that has changed with the 
introduction of the first-ever 16-bit PIC family, the 
PIC24.This new guide teaches readers everything they 
need to know about the architecture of these new
chips, how to program them, how to test them and how 
to debug them. Lucio's common-sense, practical, 
hands-on approach starts out with basic functions and 
guides the reader step-by-step through even the most 
sophisticated programming scenarios.

Experienced PIC users and newcomers alike will 
benefit from the text's many thorough examples, which 
demonstrate how to nimbly side-step common obsta
cles and take full advantage of all the new features.

224 pages - large format Order code MGH2 £16.99 Order code NE45 £32.50
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Theory and Reference
ELECTRONIC CIRCUITS - FUNDAMENTALS
& APPLICATIONS
Third Edition
Mike Tooley
A comprehensive reference text and practical electronics 
handbook in one volume - at an affordable price!
New chapter on PIC microcontrollers - the most popular 
chip family for use in project work by hobbyists and in 
colleges and universities.
New companion website: spreadsheet design tools to 
simplify circuit calculations; circuit models and templates 
to enable virtual simulation; a bank of on-line questions 
for lecturers to set as assignments, and on-line self-test 
multiple choice questions for each chapter with automatic 
marking, to enable students to continually monitor their 
progress and understanding.
The book’s content is matched to the latest pre-degree 
level courses, making this an invaluable reference for all 
study levels, and its broad coverage is combined with 
practical case studies, based in real-world engineering 
contexts throughout the text.
The unique combination of a comprehensive reference 
text, incorporating a primary focus on practical applica
tions, ensures this text will prove a vital guide for stu
dents and also for industry-based engineers, who are 
either new to the field of electronics, or who wish to 
refresh their knowledge.

megabytes of mega-cool multimedia, the CD-ROM con
tains a virtual microcomputer, simulating the mother
board and standard computer peripherals in an 
extremely realistic manner. In addition to a wealth of 
technical information, myriad nuggets of trivia, and hun
dreds of carefully drawn illustrations, the CD-ROM con
tains a set of lab experiments for the virtual microcom
puter that let you recreate the experiences of early com
puter pioneers. If you’re the slightest bit interested in the 
inner workings of computers, then don’t dare to miss 
this!

not oscilloscopes, and readily available, inexpensive com
ponents makes the practical work achievable in a home or 
school setting as well as a fully equiped lab.

288 pages Order code NE42

THE AMATEUR SCIENTIST 
CD-ROM - VERSION 2

£11.50

CD-ROM

400 pages Order code NE43 £24.95

Over 800 pages in Adobe Acrobat format

CD-ROM I Order code BEB2 CD-ROM | £21.95

BEBOP TO THE BOOLEAN BOOGIE
Second Edition 
Clive (Max) Maxfield

BOOK PLUS 
CD-ROM

This book gives the “big picture” of digital electronics. This 
indepth, highly readable, up-to-the-minute guide shows you 
how electronic devices work and how they’re made. You’ll 
discover how transistors operate, how printed circuit boards 
are fabricated, and what the innards of memory ICs look like. 
You’ll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author’s tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. Comes with a free CD-ROM which contains 
an eBook version with full text search plus bonus chapter - 
An Illustrated History of Electronics and Computing.

Contents: Fundamental concepts; Analog versus 
digital; Conductors and insulators; Voltage, current, 
resistance, capacitance and inductance; 
Semiconductors; Primitive logic functions; Binary arith
metic; Boolean algebra; Karnaugh maps; State dia
grams, tables and machines; Analog-to-digital and dig- 
ital-to-analog; Integrated circuits (ICs); Memory ICs; 
Programmable ICs; Application-specific integrated cir
cuits (ASICs); Circuit boards (PWBs and DWBs); 
Hybrids; Multichip modules (MCMs); Alternative and 
future technologies.

The complete collection of The Amateur Scientist articles 
from Scientific American magazine. Over 1,000 classic 
science projects from a 
renowned source of winning 
projects. All projects are rated 
for cost, difficulty and possible 
hazards. Plus over 1,000
pages of helpful science tech
niques that never appeared in 
Scientific American.
Exciting science projects in: 
Astronomy; Earth Science; 
Biology; Physics; Chemistry; 
Weather . . . and much more!
The most complete resource ever assembled for hobby
ists, and professionals looking for novel solutions to 
research problems. Includes extensive Science Software 
Library with even more science tools. Suitable for Mac, 
Windows, Linux or UNIX. 32MB RAM minimum, Netscape 
4.0 or higher or Internet Explorer 4.0 or higher. Over 1,000 
projects

CD-ROM I Order code AS1 CD-ROM £19.95

500 pages Order code BEB1 £27.50

GETTING THE MOST FROM YOUR 
MULTIMETER
R. A. Penfold
This book is primarily aimed at beginners and those of lim
ited experience of electronics. Chapter 1 covers the basics 
of analogue and digital multimeters, discussing the rela
tive merits and the limitations of the two types. In Chapter 
2 various methods of component checking are described, 
including tests for transistors, thyristors, resistors, capaci
tors and diodes. Circuit testing is covered in Chapter 3, 
with subjects such as voltage, current and continuity 
checks being discussed.

In the main little or no previous knowledge or 
experience is assumed. Using these simple component 
and circuit testing techniques the reader should be able to 
confidently tackle servicing of most electronic projects.

eBAY FOR BEGINNERS
Cherry Nixon
There are two kinds of people, those who are trading on 
eBay and the rest who are missing out. Though eBay 
has been embraced by entrepreneurs all over the world, 
it remains the peoples’ site and offers the largest market 
for the smallest fee.

eBay presents an opportunity for everyone, the trick is 
to master it. This book shows you how to start trading on 
eBay UK. It also offers advice on getting organised and 
tips to put you ahead.

The book has been developed from Cherry’s popular 
hands-on course “Buying and Selling on eBay for 
Technological Simpletons”. In addition to fully explaining 
eBay and how to trade on it there are sections on Paypal, 
producing pictures of your sale items, fees and accounts, 
safety and security, including what to do when things go 
wrong and what protection is provided.

178 pages Order code BP551 £8.99

96 pages Order code BP239 £5.49

BEBOP BYTES BACK (and the 
Beboputer Computer 
Simulator) CD-ROM
Clive (Max) Maxfield and , 
Alvin Brown
This follow-on to Bebop to 
the Boolean Boogie is a 
multimedia extravaganza of 
information about how com- ■ 
puters work. It picks up where 
“Bebop I’’ left off, guiding you
through the fascinating world of
computer design . . . and you’ll have a few chuckles, if 
not belly laughs, along the way. In addition to over 200

STARTING ELECTRONICS,THIRD EDITION 
KEITH BRINDLEY

A punchy practical introduction to self-build electronics. 
The ideal starting point for home experimenters, techni
cians and students who want to develop the real hands-on 
skills of electronics construction.

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic cir
cuits.

Breadboard layouts make this very much a ready-to-run 
book for the experimenter, and the use of multimeter, but

Music, Audio and Video
MAKING MUSIC WITH YOUR COMPUTER
Stephen Bennett
Nearly everyone with musical aspirations also has a com
puter. This same computer can double as a high quality 
recording studio capable of producing professional 
recordings. This book tells you what software and hard
ware you will need to get the best results.

You’ll learn about recording techniques, software and 
effects, mixing, mastering and CD production.

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do I use my computer to produce my 
own CD?”

92 pages Order code PC120 £10.95

QUICK GUIDE TO MP3 AND DIGITAL MUSIC 
Ian Waugh
MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music?

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains:

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP3s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital 
audio music formats.

Whether you want to stay bang up to date with the lat
est music or create your own MP3s and join the on-line 
digital music revolution, this book will show you how.

audio mixer and noise reducer to enhance your sound
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started.

Complete with explanations of how the circuit works, 
shopping lists of components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune.

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black and 
white keyer, vertical wiper, audio mixer, stereo headphone 
amplifier, dynamic noise reducer, automatic fader, push
button fader, computer control interface, 12 volt mains 
power supply.

124 pages Order code PC115 Ê10SÍ' £5.45

60 pages Order code PC119 £7.45

VIDEO PROJECTS FOR THE
ELECTRONICS CONSTRUCTOR 
R. A. Penfold
Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects spe
cially designed for video enthusiasts. All the projects 
can be simply constructed, and most are suitable for 
the newcomer to project construction, as they are assem
bled on stripboard.

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an

ALL PRICES INCLUDE UK 
POST & PACKING 
FOR A FURTHER 

SELECTION OF BOOKS 
SEE THE NEXT TWO 

ISSUES
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Data and 
Design

Project Building & Testing

PRACTICAL ELECTRONIC FILTERS
Owen Bishop
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in sim
ple terms how each type works and how it is used.

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ.

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples.

88 pages Order code BP299 £5.49

ELECTRONIC PROJECT BUILDING
FOR BEGINNERS
R. A. Penfold
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi
cal side of this fascinating hobby, including the following 
topics:

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem’’ projects to 
work, including simple methods of fault-finding.

In fact everything you need to know in order to get start
ed in this absorbing and creative hobby.

enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables.

The projects include:- Simple audio links, FM. audio 
link, PW.M. audio links, Simple d.c. links, PW.M. d.c. link, 
PW.M. motor speed control, RS232C data links, MIDI 
link, Loop alarms, R.PM. meter.

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage.
132 pages Order code BP374 £5.45

DIGITAL LOGIC GATES AND FLIP-FLOPS
Ian R. Sinclair
This book, intended for enthusiasts, students and techni
cians, seeks to establish a firm foundation in digital elec
tronics by treating the topics of gates and flip-flops thor
oughly and from the beginning.
Topics such as Boolean algebra and Karnaugh mapping 
are explained, demonstrated and used extensively, and 
more attention is paid to the subject of synchronous coun
ters than to the simple but less important ripple counters. 
No background other than a basic knowledge of electron
ics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explaination of 
microprocessor techniques as applied to digital logic.

135 pages Order code BP392

200 pages Order code PC106 £9.95

ELECTRONIC PROJECTS FOR EXPERIMENTERS
R. A. Penfold
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before’’ syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus 
any other electronics enthusiasts who yearn to try some
thing a bit different. No doubt many of the projects fea
tured here have practical applications, but they are all 
worth a try for their interest value alone.

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca
tion, Noise cancelling, LED stroboscope, Infra-red “torch’’, 
Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid.

BOOK
PLUS CDROM 

PLUS HARDWARE

138 pages Order code BP371 £5.45

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics

DISCOVERING PICS 
W.D.Phillips
A good introduction to PIC 
programming, covering every
thing you need to know to get
you started. No previous knowledge of microcontrollers is 
required, but some previous experience with electronic 
circuits is assumed. Covers the basic concept of a micro
controller, fundamentals of a PIC-based circuit and using 
the MPLAB program. Further chapters introduce binary, 
PIC architecture, the instruction set, the PIC memory map 
and special registers plus real world programming. Four 
simple projects are also fully described; a Wavy Wand, an 
Electronic Dice, a Games Timer and a Pulse Monitor.

The associated CDROM contains the book in PDF format, 
MPLAB (plus instruction manuals in PDF format) and all the 
programs covered in the book as assembler (ASM) files. 
Those that wish to programme their own PICs will require a 
PIC programmer.

In addition a p.c.b. based hardware kit is also available that 
makes up into the Wavy Wand which will spell out a short 
message via a line of l.e.d.s when waved through the air.

190 pages, A4 spiral bound

£22.00

£28.50

Book + CDROM Order code DOC1

Book + CDROM + Hardware Order code DOC2

A BEGINNER’S GUIDE TO TTL DIGITAL ICs
R. A. Penfold
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the “real world’’.

142 pages Order code BP332 £5.45

MICROCONTROLLER COOKBOOK
Mike James
The practical solutions to real problems shown in this cook
book provide the basis to make PIC and 8051 devices real
ly work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interface devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any 
user, novice or experienced, to make the most of micro
controllers.
240 pages Order code NE26 £23.50

RADIO BYGONES
We also carry a selection of books 

aimed at readers of EPS’s sister maga
zine on vintage radio Radio Bygones. 
These books include Jonathan Hill’s 
excellent Radio Radio, a comprehensive 
book with hundreds of photos depicting 
the development of the British wireless 
set up to the late 1960s.

The four volumes of our own Wireless 
For the Warrior by Louis Meulstee are 
also available. These are a technical his
tory of radio communication equipment in 
the British Army and clandestine equip
ment from pre-war through to the 1960s.

For details see the shop on our UK web 
site at www.epemag.co.uk or contact us 
for a list of Radio Bygones books.

BOOK ORDERING DETAILS
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 
Amex, Diners Club or Maestro to:

DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
SEQUOIA HOUSE, 398A RINGWOOD ROAD, FERNDOWN, DORSET BH22 9AU.

Orders are normally sent out within seven days of receipt, but please allow 28 days for deliv
ery - more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics) before ordering from old lists.

For a further selection of books and CD-ROMs see the next two issues of EPE.
Tel 01202 873872 Fax 01202 874562. Email: dbs@epemag.wimborne.co.uk

Order from our online shop at: www.epemag.co.uk/shopdoor.htm

BOOK/CD-ROM ORDER FORM
Full name: ....................................................................................................................................................

Address: .......................................................................................................................................................

............................................... Post code: ...........................  Telephone No: ..............................................

Signature: .....................................................................................................................................................

1 I enclose cheque/PO payable to DIRECT BOOK SERVICE for £ ....................................................

1 Please charge my card £ .................................................................... Card expiry date....................

Card Number ..............................................................................................  Maestro Issue No..................

Card Security Code ............... (The last 3 digits on or just below the signature strip)

Please send book/CD-ROM order codes: .................................................................................................

Please continue on separate sheet of paper if necessary 
If you do not wish to cut your magazine, send a letter or copy of this form
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PCB SERVICE
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list.These are fabricated in glass fibre, and are fully drilled and 
roller tinned. Double-sided boards are NOT plated through hole and will require ‘vias’ 
and some components soldering both sides. All prices include VAT and postage and 
packing. Add £1 per board for airmail outside of Europe. Remittances should be sent 
to The PCB Service, Everyday Practical Electronics,Wimborne Publishing Ltd., 
Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. Tel: 01202 
873872; Fax 01202 874562;Email: orders@epemag.wimborne.co.uk. On-line 
Shop: www.epemag.wimborne.co.uk/shopdoor.htm. Cheques should be crossed 
and made payable to Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
- overseas readers allow extra if ordered by surface mail.
Back numbers or photocopies of articles are available if required - see the Back 
Issues page for details. We do not supply kits or components for our projects.

Please check price and availability in the 
latest issue. A large number of older boards are 
listed on, and can be ordered from, our website. 
Boards can only be supplied on a payment with order basis.

' PROJECT TITLE Order Code Cost
Poor Man’s Metal Locator JUN ’06 570 £5.71
★ Digital Instrument Display for Cars
- Micro Board
- Display Board

572}pair £7.77

Widgy Box 573 £7.29
Phone Ring & Test 574 £6.82

★Sudoku Unit JUL ’06 575 £6.66
PC Power Monitor 576 £6.50

Home Theatre Sound Level Checker AUG ’06 577 £6.66
Adjustable DC-DC Converter For Cars 578 £6.50
★Telephone Dialler For Buglar Alarms 579 £6.97
★ High Intensity Torch 580 £5.39

★ Low Cost 50MHz Frequency Meter SEP ’06
Version 1 581 £6.66
Version 2 582 £6.66
Version 3 583 £6.66

Smart Mixture Display for your Car 584 £6.50
Water Level Gauge - Sensor 

- Display
5851 .
586}pair £6.98

Fridge Door-Open Alarm OCT ’06 587 £5.71
Linear Supply For 1W Star LEDs (Pair) 588a & b £6.50
Through-Glass Alarm 589 £7.61

Quick Brake NOV ’06 590 £6.50
Studio 350 Power Amplifier 591 £9.51
Micropower Battery Protector 592 £5.71
★Giant LED Message Display - Master 594 £5.55

- Slave 595 £6.50

Lapel Microphone Adaptor DEC ’06 593 £6.18
RGB To Component Video Converter (double sided) 596 £12.69
USB Power Injector 597 £5.87
★ Mind Trainer 598 £6.50

Balanced Microphone Preamp JAN ’07 599 £6.82
High-Efficiency Power Supply for 1W Star LEDs 600 £6.19
Jumping Spider 601 £5.71

★ Programmable Robot 
Courtesy Light Delay

FEB ’07 602 £6.50
603 £5.87

★ Deep Cycle Battery Charger
Power Board
Control Board 
Display Board

604-|
605 Let
606 J

£11.10

★ PIC Digital Geiger Counter (double sided) 607 £12.53

IR Remote Checker MAR ’07 608 £6.35
★SMS Controller 609 £7.93
★ Lap Counter For Swimming Pools 610 £7.14
★ PIC Polyphonium - Main Board 611 £8.25

PIC Polyphonium - LED Display Interface APR ’07 612 £7.13
Students’ Amp - Amplifier 613 £6.02

- PSU 614 £6.02
Star Power 615 £6.50

Bass Extender MAY ’07 618 £5.87
Caravan Lights Check 619 £6.18

★ Energy Meter - Main Board JUN ’07 6161 .617}pair £9.83
- Display Board

3V to 9V Converter (PCB plus TL499A IC) 620 + chip £7.53
Bat Sonar 621 £6.03

MiniCal 5V Meter Calibration Standard JUL ’07 622 £6.82
Lead-Acid Battery Zapper 623 £6.50
Video Reading Aid 624 £6.50
Digi-Flash Slave 625 £5.55V J

r PROJECT TITLE Order Code Cost
TwinTen Stereo Amplifier AUG ’07 626 £9.83
Printer Port Hardware Simulator 627 £6.66
★ RFID Security Module 628 £6.02
★V2 PC Scope - Control Board 629 £7.13

Analogue Board 630 £6.50

★ Flexitimer - Main Board
- Display Board 1

SEPT ’07 631 £7.29
632 £7.29

- Display Board 2 633 £7.29
- Display Board 3 634 £7.29

Pocket Tens Unit 635 £6.35

★Simple Seismograph
★V8 Doorbell '

OCT ’07 636 £6.66

- Main Board
- Display Board

6371 .638}pair £11.42
★Standby Power Saver

- Transmitter 639 £6.34
- Receiver
- PSU

640)pair 
641}p £6.97

Vehicle Voltage Monitor NOV ’07 642 £6.34
★ USB Electrocardiograph 643 £7.61
★ Inductance & Q-Factor Meter 644 £7.93
Experimenter’s Audio System - Main Board 

- PSU
646}pair £7.61

★Teach-In ’08 - Master Control Board 647 £7.93

iPod or MP3 Player Charger DEC ’07 648 £5.87
AVR ISP Socketboard 649 £7.61
★ PIC Speech Synthesiser - Playback 650 £6.03

- Record 651 £6.66

★Serial I/O Controller JAN ’08 652 £11.90
★ MIDI Drum Kit - Main Board 653 £11.58

- Display Board 654 £7.61
Phone/Fax Missed Call Alert 655 £6.66
★ PIC Carillon 656 £7.30

MIDI Drum Kit - Optical Sensor FEB ’08 657 £5.39
Studio Series - Stereo Preamplifier - Pre Amp 658 ) set

659 } £9.51
- PSU

Electrosmog Sniffer 660 £5.71

Fluorescent Tube Driver MAR ’08 661 £7.13
^Studio Series - Stereo Headphone Amplifier 662 £8.24

EPE SOFTWARE
★ All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
site, accessible via our home page at: www.epemag.co.uk.

PCB MASTERS
PCB masters for boards published from the March ‘06 issue onwards can 
also be downloaded from our UK website (www.epemag.co.uk); go to the
‘Downloads’ section.

EPE PRINTED CIRCUIT BOARD SERVICE
Order Code Project Quantity Price

Name
Address

Tel. No.
I enclose payment of £. (cheque/PO in £ sterling only) to:

VISA

1
Everyday 

Practical Electronics
MasterCard, Visa or Maestro

Card No..................
Valid From..............
Card Security Code

Expiry Date...................
.... Maestro Issue No

(The last 3 digits on or just under the signature strip)

Signature

NOTE: You can also order p.c.b.s by phone, Fax, Email or via the shop 
on our website on a secure server:

http://www.epemag.co.uk
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Everyday Practical Electronics reaches more UK 
readers than any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 
this market for the last twenty-three years.

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display pages 
offer excellent value. The prepaid rate for semi-display space is £10 (+VAT) per single column centimetre (minimum 2^5cm). The prepaid 
rate for classified adverts is 40p (+VAT) per word (minimum 12 words).
All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together with 
remittance, should be sent to Everyday Practical Electronics Advertisements, Sequoia House, 398a Ringwood Road, Ferndown, Dorset 
BH22 9AU. Phone: 01202 873872. Fax: 01202 874562. Email: epeads@wimborne.co.uk. For rates and information on display and 
classified advertising please contact our Advertisement Manager, Stewart Kearn as above.

Mechatronics-online.co.uk
Suppliers of Mechanical and Electronic Components 

To the Hobbyist, Student, and Professional

Sales@mechatronics-online.co.uk 
Free software Download 

Electronics, Mechanics, Maths and Computing

Visit our website
www.Mechatronics-online.co.uk

BTEC ELECTRONICS 
TECHNICIAN TRAINING
NATIONAL ELECTRONICS 

VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 

FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY

LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 

EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 

www.lec.org.uk

BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components 

Place a secure order on our website or call our sales line 
All major credit cards accepted

Web: www.bowood-electronics.co.uk
Unit 1, McGregor’s Way, Turnoaks Business Park, 

Chesterfield, S40 2WB. Sales: 01246 200222
Send 60p stamp for catalogue

UK&InternationalSuppliers of Electronic Components &Kits 
Capacitors Resistors Transistors Optoelectronics PCBs Breadboard 
Solder Switches Cable Batteries Tools CMOSICs Potentiometers
P&P £2.50 (orders over £25 free P&P) No Min Order. No VAT 

NEW 2008 MAIL ORDER CATALOGUE AVAILABLE AT 

www.rshelectronics.co.uk

I

CPS Solar
Solar panels, solar cells, and many 

more alternative energy products for 
battery charging etc, please visit our 

website for further info or call
Tel: 0870 765 2334.

www.solarpanelsonline.co.uk

Get your magazine ‘instantly’ anywhere in the world - buy and 
download from the web.

TAKE A LOOK, A FREE ISSUE IS AVAILABLE 
A one year subscription 

(12 issues) costs just $18.99 (US)

SAFFRON ELECTRONICS LTD 
Suppliers of High Quality Electronic Components 

since 1991
Resistors, Caps, Batteries, Chargers, Semiconductors, 
LED’s, IC’s, PCB’s, Switches, Solder, Cable, Wire, Etc. 

Online Catalogue and Shop available at 
www.SaffronElectronics.co.uk

3/04 St. Albans House, St. Albans Road, Stafford, ST16 3DR 
Telephone: 0845 166 2314 (local rate)

N.R. BARDWELL Ltd - est 1948 
Electronic Component Supplies 

LED’s, Semis, IC’s Resistors, Caps, etc 
send 44p for lists. 1000’s bargains at our 

secure site: www.bardwells.co.uk 
288, Abbeydale Rd. Sheffield. S7 1FL 

0845 166 2329 (local rate)

VALVES AND ALLIED COMPO
NENTS IN STOCK. Phone for free list. 
Valves, books and magazines wanted. 
Geoff Davies (Radio), tel. 01788 574774.

FOR SALE SMALL ‘BUSH’ 5 VALVE 
RADIO complete type DAC90A £20. Also 
20 Bob Dylan CDs also £20. Please ring 
01363 775672 Devon

KITS, TOOLS, COMPONENTS. S.A.E 
catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, CO15 3RB. 
www.geocities.com/sirkituk

TO ADVERTISE IN 
OUR CLASSIFIED 

SECTION 
Contact 

Stewart Kearn 
on 01202 873872 
stewart.kearn@wimborne.co.uk

Back issues are also available 
N_________________________ ___________________________/
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Europe’s Largest 
Surplus Store

20,000,000 Items on line NOW ! _ _ _ _ _ _ _ _ _ _
New items added daily NEXT MONTH

Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include:

♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦

6,000,000 Semiconductors
5,000 Power Supplies
25,000 Electric Motors
10,000 Connectors
100,000 Relays & Contactors 
2000 Rack Cabinets & Accessories
4000 Items of Test Equipment
5000 Hard Disk Drives

www.distel.co.uk
Display Electronics 
29 / 35 Osborne Road 
Thornton Heath 
Surrey UK CR7 8PD

Telephone
[44] 020 8653 3333

Fax [44] 020 8653 8888

Rechargeable Batteries With Solder Tags
NIMH NICAD

AA 2000mAh ...................... £2.82 AA 650mAh....................... £1.41
C 4Ah..................................... £4.70 C 2.5Ah.................................£3.60
D 9Ah..................................... £7.60 D 4Ah.....................................£4.95
PP3 150mAh ...................... £4.95

Instrument case with edge connector and screw terminals

Size 112mm x 52mm x 105mm tall

This box consists of a cream base with a PCB slot, a cover plate to pro
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44.

866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77

STUDIO SERIES - REMOTE CONTROL
Following on from this month’s headphone amplifier and 
last month’s preamplifier projects, the next must-have 
addition in the Studio Series is a super-specified remote 
control. It allows you to set the preamplifier volume with 
an audiophile potentiometer and select the music source 
using any infra-red remote.

iPOD CHARGING AWAY FROM YOUR 
COMPUTER
What do you do if you need to charge your MP3 player, 
but you’re away from your computer’s USB. Simple, use 
our easy-to-build charger, designed to run off a DC plug
pack or a car’s 12V supply.

MIDI ACTIVITY DETECTOR
If you build, repair or regularly set up MIDI systems, this 
quick-set gadget is just what you need. How have you 
survived without it?

APRIL ’08 ISSUE ON SALE MARCH 13

ADVERTISERS INDEX
AUDON ELECTRONICS.......................................................41
BETA-LAYOUT .....................................................................41
BRUNNING SOFTWARE .....................................................21
BULL GROUP ...........................................................Cover (ii)
COMPACT CONTROL DESIGN...........................................61
DISPLAY ELECTRONICS ..................................................80
ESR ELECTRONIC COMPONENTS .................. 6, Cover (iii)
JAYCAR ELECTRONICS.....................................................4/5
JPG ELECTRONICS ...........................................................80
LABCENTER.............................................................Cover (iv)
LASER BUSINESS SYSTEMS.............................................59
MAGENTA ELECTRONICS .................................................41
MICROCHIP .........................................................................69
NURVE NETWORKS LLC ...................................................27
PEAK ELECTRONIC DESIGN .............................................40
PICO TECHNOLOGY...........................................................11
QUASAR ELECTRONICS...................................................2/3
SHERWOOD ELECTRONICS .............................................41
STEWART OF READING.....................................................61
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VELLEMAN® is a major European distributor of high quality electronic 
p roducts. They have been trading for more than 35 years and operate 

from Gavere, Belgium. With a network of over 17,000 dealers in more 
than 80 countries.

We are now able to offer you the complete range of their 
e lectronic kits, modules and PC based development products. If you 

w ould like a copy of the latest 80 page catalogue please phone, fax or 

e mail your name and address. www.esr.co.uk/velleman

Audio Amplifier
2 x 15Wrms (4 ohm) or 2 x 10Wrms 
(8 ohm). Overheating & short cir
cuit protected. No need for rectifi
er & smoothing, only AC supply 
required.
K4003 Kit £14.25
VM113 Assembled £15.95

load & short-circuit protected.
K8060 Kit
VM100 Assembled with heatsink

Audio Amplifier
Stereo 2 x 50Wrms or a^H
Mono 100Wrms ampli- H 
fier. Three input

Audio Amplifier
100Wrms @ 4ohm DC sup
ply circuit on board with 
LED indication ideal for ac
tive speaker system or sub
woofer, guitar amp, home 
theatre systems, etc. Over-

£13.25
£28.75

sensitivity settings.
Overload & short-cir
cuit protection, protection against incorrect power supply 
polarity. Speaker transient suppression.
K4004 Kit
Digital

£43.95
Storage Oscilloscope

PC based using supplied windows software. All standard 
oscilloscope functions are available. Its operation is just 
like a normal oscilloscope. Connection is through the 
computer's parallel port, the scope is completely optically 
isolated from the computer port.
K8031 Kit
PCS100A Assembled

£79.00
£90.00

PC Function Generator
3.01Hz to 1MHz crystal-based, op- 
ically isolated from the PC. Sine, 
square & triangle. Includes Win
dows™ '95/'98/NT/2000/XP inte
grated software for the function 
generator.

K8016 Kit £84.95

PIC Programmer
Suitable for a wide range 
of Microchip® PIC™ mi
crocontrollers, onboard 
configurable 40 pin. ZIF 
socket, Microcontroller 
selection using patch 
jumper, easy to use pro
gramming PICprog2006™ software included, SUBD con
nector set included.
K8076 Kit £17.95

1A Power Supply
Low cost universal symmetric power supply just add a 

suitable transformer and a heatsink, 
... trimmers can be replaced by po
tentiometers to allow continuous ad
justment of output, LED output 
indicators.
K8042 Kit £9.55

NiC COMPONENTS

www.esr.co.uk

PIC Programmer
For Microchip® FLASH ■
PIC™ microcontrollers sup
ports 4 different 300 mil.
PICs: 8p, 14p, 18p and 28p 
test buttons and LED indicators. Supplied with program
ming examples & easy connection to a PC through the 
serial port. Supplied with a PIC16F627 and software to 
compile and program your source code.
K8048 Kit
VM111 Assembled
USB Interface
A interface board with 5 digital 
input & 8 digital output chan
nels. In addition, there are two 
analogue inputs & two ana-

£19.95
£26.95

logue outputs with 8 bit resolution. All communication 
routines are contained in a Dynamic Link Library (DLL). 
You may write custom Windows (98SE, 2000, Me, XP) 
applications in Delphi, Visual Basic, C++ Builder or any
other 32-bit Windows application development tool 
supports calls to a DLL.
K8055 Kit
VM110 Assembled
USB Interface Board
With a total of 33

£18.95
£29.95

that

input/outputs: including ana
logue / digital and + 1PWM TwIBPm'P* 
output. Connection to the -»W A***
computer is galvanically op- w — > • ’
tically isolated, so that dam
age to the computer is not 
possible thus providing a high level of secure implementa
tion. Supplied with test software & examples.
K8061 Kit £48.95
High Power LED Driver
Power up to four 1W or two 3W high-power LEDs (not 
incl.) Delivers accurate constant current required by most 

high-power LEDs, built-in rectifier for easy 
■ ' connection to AC source, compact size,

short-circuit protected, no heatsink re
quired.
K8071 Kit £4.95

' VM143/1W for 1W LEDs £7.55
VM143/3W for 3W LEDs £7.95

Remote Control by Telephone
Turn up to three devices on or off over the telephone. It is 
also possible to check the condition of a switch (open or 
closed). A major advantage of this circuit lies in the fact 
that audio signals are used 
to tell whether a specific •
output has been turned on or 
off. Operation is protected
by a user defined codc,AJj^^ . y ttf - 
which is simply keyed in’k .
from the telephone keypad. *ih’- V
K6501 Kit £29.95

USB DMX Interface

Supplied with case, lead & CDROM
K8062 Kit
VM116 Assembled
Remote Control Transmitter

Control DMX fixtures using a PC 
and USB interface, test software 
and "DMX Light Player" soft
ware is included, a DLL is pro
vided to write your own 
software. Stand-alone test func
tion that outputs all 512 channels 
at a time, with adjustable levels.

£46.95
£49.95

For use with the K8057/VM109 2-channel RF receivers.
, . Generates unique 32-bit code more than

1,000,000,000 unique codes code can 
easily be changed for safety purposes 
choose continuous or 'burst' transmission 
LED indicator.
K8059 Kit £8.95

Remote Control Receiver
Two relay contact outputs for use 
with K8059 and VM108 two chan
nel RF codelock transmitters, tog
gle or pulse function selectable 
per output, can learn a unique 
32-bit code from the transmitters,
store up to 31 transmitters, LED indicators for outputs 
and functions.
K8057 Kit

Remote Control Transmitter
£12.55

I
 Compact 2-button IR keychain remote compati
ble with most Velleman IR receivers, 2 powerful 
IR LEDs for a range of up to 15m, 16 channels 
(allow use of multiple transmitters in one room), 
easy channel configuration, no jumpers required.

indication

MK162 Mini Kit
Remote Control Receiver
Two channels with relay output 
(24VAC/DC 1A max.) ultra 
channel and reception
through LEDs toggle / pulse selec
tion for each channel learn 
for channel ID all settings 
stored in EEPROM compatible with

are

most Velleman Kit IR remotes.
MK161 Mini Kit
3-30V 3A Power Supply

Suitable as a

£6.25

£7.95

power supply for all
common Velleman kits using a sta

t tf" : bilised DC voltage between 3 and
- ' 30V, 3A max. Of course this pow

er supply unit can also be used 
for other purposes. By replacing the 

trimmer by a potentiometer, it may even be used as an 
adjustable power supply unit. Supplied with heat sink.
K7203 Kit £19.95

Sound to Light Unit 
Low, mid and high 
Sensitivity adjustment 
channel. LED indication per 
channel. Attractive translu
cent enclosure. Microphone includ
ed. Noise suppressed according to EN55015
K8017 Kit

per

£27.55
Clap On/Off Switch
Operate your lighting simply by clapping 
your hands. Good immunity against sur
rounding noises, '1-clap' or '2-clap'-mode WV«®* 
selection, '2-clap'-mode features built-in
safety turn-off timer (approx. 5h), output relay 'pulse' or
'toggle' selection. 
MK139 Mini Kit
Voice Changer
Make your voice sound like 
a robot, add vibrato effect, 
use the 'pitch'-buttons and 
make your voice sound lower or 
higher, built-in microphone and 
power amplifier with volume con
trol, just add a speaker.
MK171 Mini Kit

£7.95

Ultrasonic Radar Module
Buzzer output: fast / slow / con
tinuous distance indication with 
3-LED-bar adjustable alarm. 
LED alarm indicator, dry contact 
NO/NC relay
VM125 Assembled

£7.95

£18.25
Mini PIC Application Module
Create your own custom PIC 
application without the hassle 
of making the hardware. 
9 Free programmable I/Os. 
Onboard Relay, LEDs & Buzz
er. PIC16F630 inc.

VM142 Assembled £20.95

övti 300 Kits, Mihi Kits & - Full AvaiiaLle
Tel: 0191 2514363 Station Road O Prices Exc'udeVat @1™%.. ,■-»WWW -- UKCarriage£2.50(lessthan1kg)
Emv« AIOI CUlierCOCItS ■■ pi^ £5.50 greater than 1 kg or >£30Fa 9® & Wear • Cheques/Postalorderspayableto

NE 30 4PQ ESR Electronic Components.
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NEW IN DESIGN SUITE 7:
NEW: Redesigned User Interface includes modeless 
selection, modeless wiring and intuitive operation to 
maximise speed and ease of use.

NEW: Design Explorer provides easy navigation, 
design inspection tools and cross-probing support to 
improve quality assurance and assist with fault 
finding.

NEW: 3D Visualisation Engine provides the means to 
preview boards in the context of a mechanical design 
prior to physical prototyping.

NEW: Simulation Advisor includes reporting on 
simulation problems with links to detailed 
troubleshooting information where appropriate.

NEW: Trace capability within both MCU and 
peripheral models provides detailed information on 
system operation which allows for faster debugging 
of both hardware and software problems.

NEW: Hundreds of new device models including 
PIC24, LPC2000, network controllers and general 
purpose electronic components.

Electronic Design From Concept To Completion

|abcenter/W\www.labcenter.com
Electronics

E-mail: info@labcenter.com Tel: +44 (0) 1756 753440

Labcenter Electronics Limited 
Registered in England 4692454

Fax: +44 (0) 1756 752857

Registered Address: 53-55 Main Street, Grassington, North Yorks, UK, BD23 5AA
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	Barry Fox looks at some of the new products at this year’s CES Show

	Friends disunited

	Sounds familiar

	More outlandish marriages

	Semiconductors

	Capacitors

	Resistors (0.25W, 1%)

	Additional items

	For power supply upgrade
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	Fluorescent

	Tube Driver
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	Output coil (L2)

	neon indicator


	Circuit

	Surgery

	Current sources
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